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Description 

This  invention  relates  generally  to  digital  integrated  circuitry  which  compares  16-bit  data  values  against 
lower  and  upper  limits  and,  more  particularly,  to  a  single-chip  circuit  which  can  compare  numbers 

5  selectively  in  an  unsigned  mode  or  a  signed  two's  complement  mode  without  loss  of  speed  relative  to  a 
device  which  operates  exclusively  on  unsigned  or  exclusively  on  signed  numbers. 

In  many  applications,  digital  data  must  be  compared  against  programmable  lower  and  upper  numeric 
values.  For  example,  a  computer  may  utilize  a  virtual  memory  in  which  a  selectable  contiguous  part  of  the 
virtual  memory  is  mapped  into  random  access  memory  (RAM)  providing  relatively  faster  read/write  access 

io  times.  Most  of  the  instructions  executed  on  the  computer  address  locations  within  the  fast  RAM,  however 
certain  relatively-infrequent  instructions  such  as  load  and  store  may  address  any  location  within  the  virtual 
memory.  Hence  apparatus  is  needed  which  can  operate  in  real  time  to  detect  numeric  values,  here 
addresses,  which  fall  outside  a  pair  of  numeric  boundaries. 

The  prior  art  has  constructed  such  bounds  checker  apparatus  with  discrete  medium-scale  integrated 
75  circuit  (MSI)  devices;  in  one  instance,  a  16-bit  checker  consisting  of  four  8-bit  registers  and  four  8-bit 

comparators.  This  approach  is  undesirable  for  a  variety  of  reasons;  foremost  among  them  are  the  cost  of 
the  individual  components  over  that  of  a  single-chip  component  and  the  large  board  area  consumed  by  a 
number  of  individual  components. 

Other  undesirable  features  of  the  prior  art  discrete  component  approach  are  high  power  consumption, 
20  fabrication  costs  of  interconnecting  the  terminal  pins  of  the  individual  components,  the  inter-component 

propagation  delays  and  the  inherent  lower  reliability  of  a  multi-chip  implementation  as  compared  with  a 
single-chip  version. 

In  addition,  the  use  of  individual  components  made  each  application  of  a  bounds  checker  a  custom 
designed  project  with  the  attendant  design  costs  and  de-bugging  requirements. 

25  US-A-3,601  ,804  discloses  a  digital  comparator  for  use  in  automatic  test  equipment  for  assessing 
whether  a  measured  binary  response  from  a  test  object  lies  within  predetermined  binary  limits.  The 
comparator  has  three  outputs  indicating  whether  the  measured  value  lies  above  the  upper  limit,  below  the 
lower  limit  or  between  the  two  limits,  respectively. 

In  the  terms  of  claim  1  from  US-A-3,601  ,804,  a  digital  bounds  checker  is  known,  responsive  to  a  plural- 
30  bit  numeric  data-word-to-be-compared  is  formed  as  a  single-chip  integrated  circuit  and  comprising  means 

for  receiving  and  storing  a  lower-limit  plural-bit  numeric  data  word  and  an  upper-limit  plural-bit  numeric  data 
word;  and  means  for  generating  at  a  first  output  a  signal  indicative  of  whether  said  data-word-to-be- 
compared  bears  a  first  numeric  relationship  to  said  lower-limit  data  word,  for  generating  at  a  second  output 
a  signal  indicative  of  whether  said  data-word-to-be-compared  bears  a  second  numeric  relationship  to  said 

35  upper  limit  data  word,  and  for  generating  at  a  third  output  a  signal  indicative  of  whether  said  data-word-to- 
be-compared  bears  a  third  numeric  relationship  to  said  lower-limit  and  upper-limit  data  words. 

A  digital  single-chip  integrated  circuit  bounds  checker  according  to  the  present  invention  is  claimed  in 
claim  1. 

A  single-chip  16-bit  bounds  checker  embodying  the  present  invention  can  be  produced  at  one-third  the 
40  cost  of  the  prior  art  discrete  component  approach,  using  one-eighth  of  board  space  of  the  space  used  in  the 

prior  art  approach.  The  single-chip  bounds  checker  requires  only  one-tenth  the  power  of  the  prior  art 
bounds  checkers  and  affects  a  20  percent  improvement  in  cycle  times.  Interconnection  of  the  more  than 
100  pins  used  in  the  discrete  approach  of  the  prior  art  is  considerably  reduced  since  the  single-chip  bounds 
checker  requires  only  28  pins. 

45  The  single-chip  bounds  checker  can  be  operated  in  either  an  unsigned  mode  capable  of  processing 
data  in  the  range  0  to  21G-1  or  in  a  signed  mode  capable  of  processing  data  in  the  range  -215  to  +215-1. 
The  mode  is  selected  by  a  signal  applied  to  a  terminal  pin  of  the  bounds  checker.  A  shared  sixteen-bit  wide 
input  data  bus  receives  the  lower  and  upper  limit  values  which  are  then  loaded  into  lower  and  upper  limit 
on-chip  registers  upon  receipt  of  load  lower  and  load  upper  signals.  Data  values  to  be  compared  against 

50  these  limits  are  also  presented  on  the  shared  input  data  bus. 
A  novel  feature  of  the  bounds  checker  provides  the  testing  of  either  unsigned  or  signed  two's 

complement  numbers  as  described  without  imposing  additional  delay  over  a  bounds  checker  which  can 
operate  only  on  one  type  of  number. 

The  bounds  checker  is  readily  cascaded  to  provide  a  bounds  checker  capable  of  testing  extended- 
55  precision  values. 

In  the  accompanying  drawings,  by  way  of  example  only:- 
Fig.  1  illustrates  a  16-bit  bounds  checker  embodying  the  present  invention, 
Fig.  2  is  a  logic  diagram  of  a  comparator  in  the  checker  of  Fig.  1,  and 
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Fig.  3  illustrates  two  bounds  checkers  interconnected  to  form  a  32-bit  bounds  checker. 
In  Fig.  1,  the  bounds  checker  10  receives  16-bit  data  words  at  a  set  of  sixteen  data  input  terminals 

DATA  INq-15-  The  data  input  terminals  are  connected  via  a  16-bit  data  bus  20  to  a  lower  bound  register 
22, 

5  an  upper  bound  register  24,  a  lower  comparator  26  and  an  upper  comparator  28.  The  16-bit  data  bus  20  is 
shared  by  the  registers  22  and  24  and  the  comparators  26  and  28  so  that  the  signals  representing  the  16- 
bit  number-to-be-compared  and  the  16-bit  numbers  forming  the  lower  and  upper  comparison  limits  can  be 
placed  onto  the  data  input  terminals  of  bounds  checker  10  and  conducted  to  the  appropriate  element 
therein. 

io  The  lower  bound  register  22  receives  on  signal  line  30  a  load  lower  bound  register  signal  applied  to  a 
load  lower  (LOAD  LOWER)  terminal  of  bounds  checker  10.  A  16-bit  signal  applied  to  the  DATA_IN0-i5 
terminals  of  bounds  checker  10  is  conducted  via  bus  20  to  an  inverted  input  of  lower  bound  register  22  and 
upon  application  of  the  load  lower  bound  register  signal,  the  16-bit  complemented  signals  are  received  and 
stored  in  register  22.  Lower  bound  register  22  also  receives  a  clock  pulse  applied  to  a  clock  (CLK)  terminal 

is  of  bounds  checker  10  and  conducted  to  register  22  via  signal  line  22.  The  16-bit  word  loaded  into  register 
22  is  available  at  a  17-bit  output  of  the  register  22  at  the  arrival  of  the  next  clock  pulse.  The  17-bit  output  of 
register  22  will  remain  unchanged  until  the  clock  pulse  next-following  application  of  another  load  lower 
bound  register  signal. 

The  17-bit  output  of  lower  bound  register  22  consists  of  the  (complemented)  value  of  each  of  the  lower- 
20  order  fifteen  bit  complemented  signals  received  and  stored  within  register  22,  plus  the  true  and  com- 

plemented  value  of  the  most-significant  bit  (msb)  signal  received  and  stored  therein.  The  seventeen  output 
signals  are  conducted  via  bus  34  to  lower  comparator  26. 

In  a  manner  similar  to  that  described  above,  the  upper  bound  register  24  receives  on  a  signal  line  36  a 
load  upper  bound  register  signal  applied  to  a  load  upper  (LOAD  UPPER)  terminal  of  the  bounds  checker 

25  10.  A  16-bit  signal  applied  to  the  DATA  IN0-  15  terminals  of  checker  10  is  conducted  (in  true  values)  as 
described  above  in  connection  with  register  22.  Upon  reception  of  the  next-following  clock  pulse  applied  to 
the  CLK  terminal  of  bounds  checker  10,  the  17-bit  output  signals  of  upper  bound  register  24,  the  true  value 
of  each  of  the  lower-order  bits,  plus  the  true  and  complemented  value  of  the  msb  is  conducted  via  a  bus  38 
to  upper  comparator  28. 

30  In  addition  to  the  17-bit  signals  representing  the  lower  bound,  lower  comparator  26  receives  a  17-bit 
signal  comprising  the  16-bit  true  signals  on  the  data  bus  20  and  the  one-bit  complemented  signal  of  the 
msb  on  the  data  bus  20.  Similarly,  in  addition  to  the  17-bit  signals  representing  the  upper  bound,  upper 
comparator  28  receives  at  an  inverted  input  the  16-bit  signal  on  the  data  bus  20  and  the  one-bit  true  signal 
of  the  msb  on  the  data  bus  20. 

35  The  lower  comparator  26  also  receives  a  carry-zero-low  (C0,l)  signal  applied  to  a  CARRY  IN  LOWER 
terminal  of  the  bounds  checker  10  and  conducted  therefrom  via  a  signal  line  40.  Upper  comparator  28 
receives  a  carry-zero-upper  (C0,u)  signal  applied  to  a  CARRY  IN  UPPER  terminal  of  the  bounds  checker 
10  and  conducted  therefrom  via  signal  line  42.  Comparators  26  and  28  also  receive  a  signed-mode  signal 
applied  to  a  SIGNED  terminal  of  the  bounds  checker  10  and  conducted  therefrom  via  a  signal  line  44. 

40  Lower  comparator  26  generates  on  signal  line  46  a  complement  carry-sixteen-lower  (C16,L)  signal 
conducted  via  an  inverter  47  to  a  LOWER  OUT  terminal  of  bounds  checker  10  and  conducted  to  a  first 
complemented  input  of  an  AND  gate  50.  Upper  comparator  28  generates  on  signal  line  48  a  complement 
carry-sixteen-upper  (C16iU)  signal  conducted  via  an  inverter  49  to  an  UPPER  OUT  terminal  of  bounds 
checker  10  and  conducted  to  a  second  input  of  the  AND  gate  50.  The  inverted  output  of  AND  gate  50  is 

45  connected  to  an  OUT  OF  BOUNDS  output  terminal  of  bounds  checker  10. 
The  signals  C16,L  and  C16iU  generated  at  the  outputs  of  the  comparators  26  and  28,  respectively  are 

related  to  the  C0,L  and  C0iU  signals  applied  to  the  CARRY  IN  LOWER  and  CARRY_IN_UPPER  terminals 
respectively,  in  accordance  with  Table  I,  below. 

50 

55 
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TABLE  I 

Bounds  Checker  Operation 

Signals  at  Inputs  Signals  at  Outputs  HIGH  Iff. 

CARRY_IN_  LOWER  CARRY_IN_  UPPER  LOWER_OUT  UPPER_OUT  OUT_OF_BOUNDS 

LOW  LOW  L<D  D<U  D̂ L  or  U^D 
LOW  HIGH  L<D  D̂ U  D̂ L  or  U<D 
HIGH  LOW  L̂ D  D<U  D<L  or  U^D 
HIGH  HIGH  L̂ D  D̂ U  D<L  or  U<D 

70 

With  reference  to  Table  I,  the  entries  in  the  column  labelled  LOWER  OUT  refer  to  the  conditions  which 
must  prevail  between  the  current  contents  of  the  lower  bound  register  22,  denoted  "L"  in  Table  I,  and  the 
current  value  applied  to  the  DATA  IN0-  15  terminals,  denoted  "D"  in  Table  I,  to  cause  a  LOW  C16,L  signal  to 
be  generated  by  lower  comparator  26,  and  accordingly  a  HIGH  C16,L  signal  to  be  received  at  the 
LOWER  OUT  terminal  of  bounds  checker  10.  For  example,  in  the  first  row,  corresponding  to  a  LOW  signal 
at  both  carry-in  inputs,  the  lower  comparator  26  generates  a  LOW  C16,L  signal  if  and  only  if  the  current 
contents  in  the  lower  bound  register  22  is  strictly  less  than  the  current  value  applied  to  the  DATA  IN0-  15 
terminals. 

Similarly,  the  column  labelled  UPPER  OUT  of  Table  I  indicates  the  conditions  which  must  prevail 
between  "D"  and  the  current  contents  of  the  upper  bound  register  24,  denoted  "U"  therein. 

The  signal  at  the  OUT  OF  BOUNDS  output  of  bounds  checker  10  is  related  to  the  signals  C16,L  and 
C16iU  according  to  the  equation: 

75 

20 

25 

OUT_OF_BOUNDS  =  C16,L  •  C16iU  =  C16,L  + '16,  U 

and  therefore  represents  the  failure  of  either  (or  both)  conditions  which  cause  a  HIGH  signal  at  the 
LOWER  OUT  or  the  UPPER  OUT  terminals  to  be  received,  in  accordance  with  Table  I,  above,  as 
determined  by  the  signals  at  the  CARRY  IN  LOWER  and  the  CARRY_IN_UPPER  terminals. 

The  bounds  checker  10  can  be  selectively  operated  in  either  a  signed  (two's  complement)  mode  or  an 
unsigned  mode  depending  on  whether  a  HIGH,  or  a  LOW,  respectively  signal  is  applied  to  the  SIGNED 
terminal  of  the  bounds  checker.  The  lower  and  upper  limit  and  data  numbers  are  treated  as  signed  16-bit, 
or  unsigned  16-bit  integers,  respectively,  and  the  comparisons  are  affected  in  accordance  with  Table  I, 
above,  as  determined  by  the  signals  at  the  CARRY  IN  LOWER  and  the  CARRY_IN_UPPER  terminals. 

The  bounds  checker  10  implements  the  ability  to  operate  on  both  signed  and  unsigned  numbers  in  a 
way  that  extracts  no  additional  time  penalty  in  the  cycle  time  of  the  device.  During  the  signed  mode  of 
operation  of  the  bounds  checker  10,  the  value  215  is  added  to  all  the  numbers,  lower  and  upper  limits  and 
data,  to  be  used  in  the  comparison  operation  under  control  of  the  signal  applied  to  the  SIGNED  terminal 
and  conducted  via  signal  line  44  to  the  comparators  26  and  28.  The  addition  is  accomplished  by 
complementing  the  most  significant  bit,  i.e.  bit  position  15,  of  the  signals  received  at  the  comparators  26 
and  28  by  the  propagate  and  generate  circuits  of  a  carry  lookahead  logic  circuit  interior  to  the  comparators 
26  and  28  in  a  way  that  does  not  add  to  the  combinatorial  delay  of  the  circuit. 

To  best  understand  this  novel  aspect  of  the  bounds  checker  10  reference  should  be  had  to  Fig.  2, 
which  illustrates  the  circuitry  internal  to  the  lower  comparator  26  of  the  bounds  checker  10,  (and  typical  of 
the  circuitry  internal  to  the  upper  comparator  28).  As  described  above,  the  signals  applied  to  the 
DATA  IN0-15  terminal  of  the  bounds  checker  10  are  conducted  to  comparator  26  together  with  the 
complement  of  the  signal  applied  to  the  DATA  IN15  terminal.  The  signal  applied  at  the  DATA  I  ISI  s,  i  =  14, 
13  1,  0;  terminal  is  conducted  to  an  input  of  a  respective  one  of  a  set  of  fifteen  logic  circuits  100a,  100b, 

100o;  i.e.,  logic  circuit  100a  receives  the  signal  applied  at  the  DATA  IN14  terminal  logic  circuit  100o 
receives  the  signal  applied  at  the  DATA  IN0  terminal.  The  15  complemented  signals  generated  by  the 
lower  bound  register  22,  Q ,̂  i  =  14,  13  1,  0;  are  conducted  to  a  second  input  of  the  respective  one  of 
the  set  of  fifteen  logic  circuits  100a,  100b  100o;  i.e.,  logic  circuit  100a  receives  the  signal  Q14;L',  logic 
circuit  100o  receives  the  signal  Q0,l- 

Logic  circuit  100a,  typical  of  the  remaining  logic  circuits  100b  100o,  includes  a  NAND  gate  102a  and 
a  NOR  gate  104a  which  each  receive  at  a  first  input  the  signal  conducted  from  the  DATA  IN14  terminal 
and  at  a  second  input  the  Q14iL  signal.  Because  the  complement  of  the  signal  representing  the  contents  of 
the  lower  bound  register  22,  is  applied  to  the  logic  circuits  100a,  100b  100o  along  with  the  true  signal 

30 

35 

40 

45 

50 

55 
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conducted  from  the  DATA  IN0-1+  terminals,  the  logic  circuits  perform  a  subtraction  of  the  low-order  fifteen 
bits  of  the  lower  bound  from  the  data-value-to-be-compared  through  one's  complement  addition.  The 
signals  at  the  output  of  the  NAND  gate  107a  and  of  the  NOR  gate  104a  of  logic  circuit  100a  represent  the 
complement  of  a  generate  and  propagate  signal,  respectively,  which  is  conducted  to  a  four-bit  lookahead 
carry  circuit  106a,  typical  of  lookahead  carry  circuits  106b,  106c  and  106d.  The  corresponding  com- 
plemented  generate  and  propagate  signals  generated  by  the  logic  circuits  100b  and  100c  are  likewise 
conducted  to  lookahead  carry  logic  circuit  106a. 

The  generate  and  propagate  signals  generated  by  the  four  logic  circuits  100d  100g,  the  four  logic 
circuits  100h  100k,  the  four  logic  circuits  1001  100o  are  conducted  to  lookahead  carry  circuits  106b, 
106c  and  106d,  respectively.  Generate  and  propagate  signals  generated  by  the  four  first-level  carry  circuits 
106a  106d  are  conducted  to  a  second-level  lookahead  carry  circuit  108  which  also  receives  the  carry- 
zero-low  (C0,l)  signal  via  the  signal  line  40.  The  circuitry  internal  to  the  lookahead  carry  circuits  106a 
106d  and  108  is  conventional  and  the  circuits  function  in  a  manner  well  known  to  those  skilled  in  the  art. 

The  operation  of  the  above-described  elements  of  the  comparator  26  illustrated  in  Fig.  2  is  conven- 
tional,  and  as  mentioned,  performs  a  one's  complement  addition  of  the  low-order  fifteen  bits  of  the  data- 
value-to-be-compared  (D0-i+)  and  the  low-order  fifteen  bits  of  the  contents  of  the  lower  bound  register  22 

The  generate  and  propagate  signals  generated  within  the  second-level  lookahead  carry  circuit  108 
are  wired-OR  together  to  form  the  C16,L  signal  generated  at  the  output  of  the  circuit  108  and  conducted  via 
signal  line  46  and  inverter  47  to  the  LOWER  OUT  terminal  of  the  bounds  checker  10.  Accordingly,  the 
carry-out  signal  C16,L  is  a  HIGH  if  either  a  final  generate  signal  or  a  final  propagate  signal  (or  both)  was 
generated  as  a  result  of  the  one's  complement  addition  of  the  low-order  15  bits  Do—  h  and  U-u,  as  shown 
in  Table  II  below.  Thus  the  carry-out  signal  C16,L  is  a  LOW  if  neither  the  final  generate  signal,  nor  the  final 
propagate  signal  was  generated,  i.e.,  the  signal  at  the  LOWER  OUT  terminal  is  a  HIGH  if  and  only  if  the 
resulting  subtraction  produces  neither  a  generate  signal  nor  a  propagate  signal. 

TABLE  II 

70 

75 

20 

25 

Lower  Comparator  Operation 

C0,l  Carry-In  Signal  Resulting  Subtraction  Signal  at  LOWER_OUT  Terminal  HIGH  If 

LOW  Do-u-Lo-u-1  Lo-i+<Do-i4 
HIGH  D0-14-L0-14  Lo-i+^Do-i4 

30 

The  first  row  of  Table  II  corresponds  to  the  situation  where  a  LOW  carry-in  signal  is  applied  to  the  lower 
comparator  26.  Hence  the  resulting  carry-out  signal  C16,L  generated  by  the  second-level  lookahead  carry 
logic  circuit  108  of  comparator  26  is  the  carry  resulting  from  a  one's  complement  addition  (i.e.,  subtraction) 
of  the  subtrahend  U-u  and  the  Do—  h  values.  Due  to  the  characteristics  of  one's  complement  arithmetic 
the  resulting  value  is,  as  shown,  Do—  h  -  U-u  -1  .Since  the  signal  C16,L  is  a  LOW  (and  the  signal  at  the 
LOWER  OUT  terminal  is  a  HIGH)  if  and  only  if  either  the  final  generate  or  the  final  propagate  and  C0,l  are 
high  signals,  i.e.,  if  and  only  if  there  is  a  carry-out  of  the  subtraction  Do—  h  -  U-u  -1,  in  other  words  if  and 
only  if  the  resulting  value  of  Do-u-Lo-u  -1  is  not  negative,  i.e,  if  and  only  if  Do—  h  -U-u  -1^0,  or  as 
shown  in  the  last  column  of  Table  II,  U-u  <  Do—  h. 

As  shown  in  the  second  row  of  Table  II,  if  a  HIGH  carry-in  signal  is  applied  to  the  lower  comparator  26, 
the  resulting  subtraction  is  performed  with  a  forced  carry-in  of  a  ONE  bit,  and  thus  corresponds  to  the 
subtraction  Do—  h  -  U-u,  and  thus  the  resulting  carry-out  signal  C16,L  is  a  LOW  (and  the  signal  at  the 
LOWER  OUT  terminal  is  a  HIGH)  if  and  only  if  the  resulting  value  of  Do—  h  -  U-u  is  not  negative,  or  as 
shown  in  the  last  column  of  Table  II,  U-u   ̂ Do—  h. 

The  comparisons  reflected  in  the  first  and  second  rows  of  Table  II,  above,  are  in  agreement  with  the 
corresponding  first  and  second,  and  third  and  fourth  respectively,  rows  of  Table  I,  above. 

The  bounds  checker  10  can  process  signed  as  well  as  unsigned  lower  and  upper  limits  and  data-to-be- 
compared  values.  Unsigned  16-bit  values  in  the  range  0  to  21G  -1  are  treated  as  described  above  by  the 
comparators  26  (and  28)  in  that  the  low-order  fifteen  bits  of  the  lower  limit,  U-u,  are  subtracted  from  the 
data-value-to-be-compared,  Do—  h,  as  described  and  the  true  and  complemented  signals  corresponding  to 
the  most-significant  bits  L15  and  D15  of  the  lower  limit  and  the  data-value-to-be-compared,  respectively,  are 
conducted  from  the  lower  bound  register  22  and  the  DATA  IN15  terminal  of  bounds  checker  10, 
respectively,  to  a  special  logic  circuit  110,  within  lower  comparator  26. 
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Special  logic  circuit  110  includes  a  pair  of  OR  gates  112  and  114  which  each  receive  at  a  first  input  the 
signal  conducted  from  the  most-significant  DATA  IN15  terminal  of  the  bounds  checker  10  and  at  a  second 
input  the  most-significant  Q15iL  signal  generated  by  the  lower  bound  register  22.  Circuit  110  also  includes  a 
pair  of  OR  gates  116  and  118  which  each  receive  at  a  first  input  the  complemented  signal  conducted  from 

5  the  DATA  IN15  terminal,  and  at  a  second  input  the  most-significant  Q15,L  signal  generated  by  the  lower 
bound  register  22. 

Special  logic  circuit  110  also  includes  a  pair  of  2:1  multiplexers  (2:1  MUX)  120  and  122  which  each 
receive  the  signed-mode  signal  conducted  on  signal  line  44  from  the  SIGNED  terminal  of  bounds  checker 
10.  Multiplexer  120  is  connected  to  the  outputs  of  the  OR  gates  112  and  116  and  under  control  of  the 

io  signed-mode  signal  conducts  either  the  signal  at  the  output  of  OR  gate  112,  or  OR  gate  116,  to  an  output  of 
the  multiplexer  120,  depending  on  whether  the  signed-mode  signal  is  a  HIGH,  or  a  LOW,  respectively. 
Multiplexer  122  is  connected  to  the  outputs  of  the  OR  gates  114  and  118  and  under  control  of  the  signal- 
mode  signal  conducts  either  the  signal  at  the  output  of  OR  gate  114,  or  OR  gate  118,  to  an  inverting  output 
of  the  multiplexer  122,  depending  on  whether  the  signed-mode  signal  is  a  LOW,  or  a  HIGH,  respectively. 

is  The  output  of  multiplexer  120  is  connected  to  the  most-significant  inverted  generate  input  of  carry 
lookahead  circuit  106a  and  the  inverted  output  of  multiplexer  122  is  connected  to  the  most-significant 
inverted  propagate  input  of  carry  lookahead  circuit  106a. 

When  the  bounds  checker  10  is  being  operated  in  its  unsigned-mode  a  LOW  is  applied  to  the  SIGNED 
terminal  and  a  LOW  signed-mode  signal  is  conducted  to  the  2:1  MUX  120  and  the  2:1  MUX  122  which 

20  causes  the  logical  "OR"  signal  composed  from  the  signals  on  the  complemented  DATA  IN15  and  the  Q15,L 
input  to  the  OR  gate  116  and  the  logical  "OR"  signal  composed  from  the  signals  on  the  DATA  IN15  and 
the  Q15iL  input  to  the  OR  gate  114  to  be  conducted  to  the  most-significant  generate  and  propagate 
respectively,  inputs  of  lookahead  carry  circuit  106a.  Thus,  during  the  unsigned-mode  of  operation,  the 
special  half-adder  circuit  110  generates  generate  and  propagate  signals  from  the  most-significant  bits  of  the 

25  lower  limit  L15  and  the  data-value-to-be-compared  D15  in  the  same  manner,  and  with  no  more  gate  delay 
than,  as  for  the  lower-order  fifteen  bits,  as  previously  described;  i.e., 

G3  "  D15  +  L15  ~  D 1 5 ' L 1 5  

30 
P3  =  D15  +  L15 

i.e.,  the  NAND  operation  applied  to  the  true  signal  applied  to  the  DATA  IN15  terminal  and  to  complement 
35  of  the  Q15iL  signal,  and  the  NOR  operation  applied  to  the  same  signals. 

During  the  signed  mode  of  operation  of  bounds  checker  10,  a  HIGH  signal  is  applied  to  the  SIGNED 
terminal  and  a  HIGH  signed-mode  signal  is  conducted  to  the  2:1  MUX  120  and  122,  which  causes  the 
logical  "OR"  signal  composed  from  the  signals  on  the  true  DATA  IN15  and  the  Q15iL  input  to  the  OR  gate 
112  and  the  logical  "OR"  signal  composed  from  the  signals  on  the  complemented  DATA  IN15  and  the 

40  Q15iL  input  to  the  OR  gate  118  to  be  conducted  to  the  most-significant  inverted  generate  and  inverted 
propagate  inputs,  respectively,  of  lookahead  carry  logic  circuit  106a.  In  this  case,  the  complements  of  the 
signals  used  to  generate  the  most-significant  inverted  generate  and  inverted  propagate  signals  for  input  to 
circuit  106a  during  the  unsigned  mode  are  used  to  generate  these  inverted  generate  and  propagate  signals, 
i.e., 

45 

G3  =  D15  +  L15  =  D15  *  L15 

P3  =  D15  +  L15  =  D15  •  L15 

Accordingly,  during  the  signed  mode  the  lower  comparator  22  operates  on  values  which  are  complemented 
in  their  most-significant  bits  for  the  lower  limit  value  and  the  data-value-to-be-compared,  with  no  additional 

55  gate  delay  when  carrying  out  the  comparison. 
The  bounds  checker  10  is  designed  to  operate  on  two's  complement  signed  numbers  in  the  range  from 

-215  to  215  -1  representing  the  upper  and  lower  limits  and  the  data-value-to-be-compared  and  hence  the 
above-described  complementation  effectively  adds  215  to  all  values  to  be  compared  during  the  signed 
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mode.  This  addition  in  no  way  affects  the  outcome  of  the  comparisons  but  shifts  the  range  of  signed 
numbers  into  the  range  0  to  21G  -1,  i.e.  identical  with  the  range  of  unsigned  numbers  which  can  then  be 
compared  exactly  as  described  before  for  unsigned  numbers,  in  a  way  which  imposes  no  combinatorial 
delay  regardless  of  the  mode  in  which  the  bounds  checker  10  is  operated. 

5  The  internal  circuitry  and  operation  of  the  upper  comparator  28  effects  the  comparison  by  a  subtraction 
of  the  data-value-to-be-compared  from  the  contents  of  the  upper  bound  register  24  in  a  manner  entirely 
analogous  to  that  just  described  for  the  lower  comparator  26  and  therefore  no  further  explanation  will  be 
supplied  herein. 

The  bounds  checker  10  can  be  connected  with  other  bounds  checkers  10  to  provide  an  extended 
io  precision  bounds  checker.  Fig.  3  illustrates  the  interconnection  of  two  bounds  checkers  10  to  form  a  32-bit 

bounds  checker.  As  shown,  one  bounds  checker  10  ("low-order  checker")  receives  the  low-order  sixteen 
bits  of  the  lower  limit,  upper  limit  and  data-value-to-be-compared  at  its  DATA  IN0  -1  5  terminals.  The  upper- 
order  sixteen  bits  of  these  numbers  are  received  at  a  second  bounds  checker  10  ("high-order  checker") 
relabelled  DATA_INiG-3i  terminals.  The  LOAD  LOWER,  LOAD_UPPER  and  CLK  terminals  of  both 

15  bounds  checkers  10  are  connected  in  parallel.  The  LOWER  OUT  and  UPPER  OUT  terminals  of  the  low- 
order  checker  10  are  connected  to  the  CARRY  IN  LOWER  and  the  CARRY_IN_UPPER  terminals, 
respectively,  of  the  upper-order  checker  10.  The  SIGNED  terminal  of  the  lower-order  checker  10  is  tied  to  a 
LOW  signal,  and  the  CARRY  IN  LOWER  and  CARRY_IN_UPPER  terminals  thereof  receive  the  C0,L  and 
C0,u  signals,  respectively,  of  the  32-bit  checker.  The  SIGNED  terminal  of  the  upper-order  checker  310 

20  receives  the  signed-mode  signal  of  the  32-bit  checker,  and  the  LOWER_OUT,  OUT_OF_BOUNDS  and, 
UPPER  OUT  terminals  thereof  form  the  output  terminals  of  the  32-bit  checker. 

The  parallel  connection  of  the  clock  and  the  LOAD  LOWER  and  LOAD_UPPER  terminals  afford 
simultaneous  loading  of  the  lower  order  and  upper  order  16-bit  portions  of  the  32-bit  lower  and  upper  limit 
values,  into  the  respective  low-order  and  high-order  bounds  checker.  Tying  the  SIGNED  terminal  of  the  low- 

25  order  bounds  checker  10  to  a  LOW  causes  the  special  logic  circuit  110  therein  to  affect  a  normal 
(unsigned)  comparison  of  the  lower-order  portions  of  the  lower  and  upper  limit  values  against  the  lower- 
order  portion  of  the  data-value-to-be-compared.  Application  of  the  appropriate  signed-mode  signal  to  the 
SIGNED  terminal  of  the  high-order  bounds  checker  10  causes  the  special  logic  circuit  110  therein  to  affect 
either  an  unsigned  or  signed  comparison  by  either  using  the  normal  or  the  complemented  values  of  the 

30  most-significant,  i.e.  31st,  bits  of  the  lower  and  upper  limits  and  the  data-value-to-be-compared  during  the 
subtractions  performed  by  the  comparators  26  and  28  within  the  upper-order  bounds  checker. 

The  C16,L  and  C16iU  carry-out  signals  generated  by  the  low-order  bounds  checker  10  are  applied  as  the 
C0,l  and  C0,u,  carry-in  signals,  respectively,  to  the  high-order  bounds  checker  and  therefore  the  lower-order 
and  high-order  carry-out  signals  generated  by  the  second  level  carry  lookahead  circuits  of  the  comparators 

35  26  and  28  within  the  high-order  bounds  checker  will  be  correctly  adjusted  for  any  potential  carries  out  of  the 
low-order  bounds  checker  10.  Accordingly,  the  outputs  of  the  high-order  bounds  checker,  LOWER  OUT, 
OUT_OF_BOUNDS  and  UPPER_OUT  will  reflect  the  correct  result  of  the  comparisons  with  the  32-bit 
upper  and  lower  limit  values  against  the  32-bit  data-value-to-be-compared. 

40  Claims 

1.  A  digital  single-chip  integrated  circuit  bounds  checker  responsive  to  a  plural-bit  numeric  data-word-to- 
be-compared  comprising: 

means  (22,  24)  for  receiving  and  storing  a  lower-limit  plural-bit  numeric  data  word  and  an  upper 
45  limit  plural-bit  numeric  data  word; 

means  (22,  26)  for  generating  at  a  first  output  a  signal  indicative  of  whether  said  data-word-to-be- 
compared  bears  a  first  selectable  numeric  relationship  to  said  lower-limit  data  word,  for  generating  at  a 
second  output  a  signal  indicative  of  whether  said  data-word-to-be-compared  bears  a  second  selectable 
numeric  relationship  to  said  upper-limit  data  word,  and  for  generating  at  a  third  output  a  signal 

50  indicative  of  whether  said  data-word-to-be-compared  bears  a  third  selectable  numeric  relationship  to 
said  lower-limit  and  upper-limit  data  words; 

the  first  selectable  numeric  relationship  being  selectable  from  the  relationships  greater-than  and 
greater-than-or-equal-to,  the  second  selectable  numeric  relationship  being  selectable  from  the  relation- 
ships  less-than  and  less-than-or-equal  to,  and  the  third  selectable  numeric  relationship  being  selectable 

55  from  the  relationships:  outside  the  open-interval,  outside  the  open-left-closed-right-interval,  outside  the 
closed-left-open-right-interval  and  outside  the  closed-interval;  the  first,  second  and  third  selectable 
numeric  relationships  being  selectable  by  application  of  suitable  selection  signals  to  certain  terminal 
pins  of  the  bounds  checker. 
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2.  A  digital  bounds  checker  according  to  claim  1,  wherein: 
the  means  for  receiving  and  storing  comprise  first  and  second  register  means  (22,  24)  for  receiving 

the  lower-limit  and  upper-limit  data  words,  respectively,  and  for  temporarily  storing  the  data  words;  and 
the  means  for  generating  comprise 

5  (i)  first  and  second  comparator  means  (26,  26)  connected  to  said  first  and  said  second  register 
means  (22,  24),  respectively,  and  responsive  to  said  data-word-to-be-compared,  for  generating  at  a 
first  and  a  second  comparator  means  output  (46,  48)  said  signal  indicative  of  said  first  and  said 
second  selectable  relationship,  respectively,  said  first  and  said  second  output  of  said  comparator 
means  forming  the  first  and  the  second  output  of  said  generating  means,  respectively;  and 

io  (ii)  gate  means  (50)  connected  to  said  outputs  of  said  first  and  said  second  comparator  means  for 
generating  at  an  output  the  signal  indicative  of  said  third  selectable  relationship,  the  output  of  said 
gate  means  forming  said  third  output  of  said  generating  means. 

3.  A  bounds  checker  according  to  claim  2,  further  including  an  input  data  bus  (20)  connected  to  said  first 
is  and  second  register  means  (22,  24)  and  to  said  first  and  second  comparator  means  (26,  28),  wherein 

said  first  and  second  register  means  are  responsive  to  a  first  and  a  second  load  register  signal, 
respectively,  whereby  a  plural-bit  data  word  can  be  conducted  via  said  input  data  bus  to  said  first  and 
said  second  comparator  means,  and  whereby  a  plural-bit  data  word  can  be  conducted  via  said  input 
data  bus  to  said  first  register  means  and  said  second  register  means,  and  stored  therein  upon 

20  application  of  a  HIGH  signal  as  said  first  and  said  second  load  register  signal,  respectively. 

4.  A  bounds  checker  according  to  claim  2  wherein  the  selectable  numeric  relationships  are  selected  in 
response  to  first  and  second  carry-in  signals  comprising  a  plurality  of  user-selectable  numeric 
relationship  signals,  whereby  the  outputs  of  said  comparators  (26,  28)  and  said  gate  (50)  correspond  to 

25  said  first,  second  and  third  selectable  numeric  relationship,  respectively,  ,  depending  on  whether  said 
first  carry-in  signal  is  a  LOW  or  a  HIGH,  said  second  carry-in  signal  is  a  LOW  or  a  HIGH,  said  first  and 
second  carry-in  signals  are  a  LOW  or  said  first  carry-in  signal  is  a  LOW  and  said  second  carry-in  signal 
is  a  HIGH  or  said  first  carry-in  signal  is  a  HIGH  and  said  second  carry-in  signal  is  a  LOW,  or  said  first 
and  said  second  carry-in  signals  are  a  HIGH,  respectively. 

30 
5.  A  bounds  checker  according  to  claim  2,  wherein  said  first,  second  and  third  numeric  data  words  can  be 

in  either  unsigned  or  signed  two's  complement  notation;  and  said  comparator  means  (26,  28)  are 
responsive  to  a  signed-number  signal  such  that  said  outputs  of  said  comparator  means  (26,  28)  and 
said  gate  means  (50)  corresponding  to  said  selectable  numeric  relationships  are  generated  selectively 

35  for  unsigned  and  signed  numeric  data  words  depending  on  whether  said  signed-number  signal  is  a 
LOW,  or  a  HIGH,  respectively,  in  a  manner  which  imposes  no  added  gate  delay  compared  to  the  time 
required  by  a  bounds  checker  capable  of  operating  only  on  either  said  unsigned  or  said  two's 
complement  notation  data  words,  exclusively. 

40  6.  A  bounds  checker  according  to  claim  5,  wherein  said  first  and  said  second  comparator  means  (26,  28) 
comprise: 

a  first  and  a  second  plurality  of  low-order  logic  cell  means  (100)  receiving  true  and  complemented 
signals  representing  predetermined  low-order  bit  positions  of  said  plural-bit  data-word-to-be-compared, 
and  complemented  and  true  signals  representing  predetermined  low-order  bit  position  of  said  plural-bit 

45  data  word  stored  in  said  first  and  said  second  register  means,  respectively,  for  generating  low-order 
generate  (GENi)  and  low-order  propagate  (PROPi)  signals  therefrom, 

a  first  and  a  second  high-order  logic  cell  means  receiving  true  and  complemented  signals 
representing  the  high-order  bit  position  of  said  plural-bit  data-word-to-be-compared  and  true  and 
complemented  signals  representing  the  high-order  bit  position  of  said  plural-bit  data  word  stored  in  said 

50  first  and  said  second  register  means,  respectively,  and  receiving  said  signed-number  signal  for 
generating  a  high-order  unsigned/signed  generate  (GENn)  signal  and  a  high-order  unsigned/signed 
propagate  (PROPn)  signal  therefrom,  and 

a  first  and  a  second  lookahead  carry  logic  means  (106)  receiving  said  low-order  generate  and 
propagate  signals  and  said  high-order  unsigned/signed  generate  and  propagate  signals,  and  receiving 

55  said  first  and  second  carry-in  signal,  for  generating  therefrom  said  signals  formed  at  said  comparator 
means  output, 

wherein  said  first  plurality  of  low-order  logic  cell  means  performs  the  following  logical  operations  on 
the  signals  representing  the  complement  of  the  bit  position  of  said  data  word  stored  in  said  first  register 
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means  (Li)  and  the  bit  position  of  said  data-word-to-be-compared  (Di): 

GENi=LhDi 
PROPi=Li+Di 

5 
wherein  said  first  high  -order  logic  cell  means  performs  the  following  logical  operations  on 

the  signals  representing  the  true  and  complement  of  the  high  -order  bit  position  of  said  da ta -  
word-  to-  be-  compared  (Dn,  Dh)  and  the  high-order  true  and  complemented  bit  position  of  said 
data  word  stored  in  said  first  register  means,  (Ln,  Th); 

io  GENn-Ln«Dn  if  signed-number  signal  is  HIGH 
GENn=Lh'Dn  if  signed-number  signal  is  LOW 
PROPn=Ln+D~h  if  signed-number  signal  is  HIGH 
PROPn=Lh+Dn  if  signed-number  signal  is  LOW 

wherein  said  second  plurality  of  low-order  logic  cell  means  performs  the  following  logical  oper- 
75  ations  on  the  signals  representing  the  complement  of  the  bit  position  of  said  data-word-to-be-compared 

(Di)  and  the  bit  position  of  said  data  word  stored  in  said  second  register  means  (Ui): 

GENi=UhD~i 
PROPi=Ui+D~i 

20 
and  wherein  said  second  high-order  logic  cell  means  performs  the  following  logical  operations  on 

the  signals  representing  the  high-order  true  and  complemented  bit  position  of  said  data-word-to-be- 
compared  (Dn,  Dn)  and  the  high-order  true  and  complemented  bit  position  of  said  data  word  stored  in 
said  second  register  means  (Un,  Dn); 

25  GENn=TJh'Dn  if  signed-number  signal  is  a  HIGH 
GENn=Un'~Dh  if  signed-number  signal  is  a  LOW 
PROPn=TJh+  Dn  if  signed-number  signal  is  a  HIGH 
PROPn=Un+D~h  if  signed-number  signal  is  a  LOW, 

whereby  said  first  comparator  means  performs  a  subtraction  of  said  data  word  stored  in  said  first 
30  register  means  from  said  data-word-to-be-compared  using  said  first  carry-in  signal  as  the  input  to  the 

least  significant  bit  position  to  said  first  lookahead-carry  logic  means,  a  HIGH  output  signal  thereof 
indicative  of  said  first  numeric  relationship  that  said  data  word  stored  in  said  first  register  means  is  less 
than  or  is  less-than-or-equal-to,  said  data-word-to-be-compared  if  said  first  carry-in  signal  is  a  LOW  or 
is  a  HIGH,  respectively,  a  LOW  output  signal  thereof  indicative  of  said  first  numeric  relationship  that 

35  said  data  word  stored  in  said  register  means  is  greater-than-or-equal-to  or  is  greater-than  said  data- 
word-to-be-compared  if  said  first  carry-in  signal  is  a  LOW  or  is  a  HIGH,  respectively,  and 

whereby  said  second  comparator  means  performs  a  subtraction  of  said  data-word-to-be-compared 
from  said  data  word  stored  in  said  second  register  means  using  said  second  carry-in  signal  as  the  input 
to  the  least-significant  bit  position  to  said  second  lookahead  carry  logic  means,  a  HIGH  output  signal 

40  thereof  indicative  of  said  second  numeric  relationship  that  said  data  word  stored  in  said  second  register 
means  is  greater-than-or-equal-to  or  is  greater  than  said  data-word-to-be-compared  if  said  second 
carry-in  signal  is  a  HIGH  or  is  a  LOW,  respectively,  a  LOW  output  signal  thereof  indicative  of  said 
second  numeric  relationship  that  said  data  word  stored  in  said  second  register  means  is  less-than  or  is 
less-than-or-equal-to,  said  data-word-to-be-compared  if  said  second  carry-in  signal  is  a  HIGH  or  is  a 

45  LOW,  respectively. 

7.  A  bounds  checker  according  to  claim  1,  further  comprising  an  input  data  bus  (20),  wherein: 
said  means  for  receiving  and  storing  comprise  first  and  second  register  means  (22,  24)  connected 

to  said  input  data  bus,  and  responsive  to  a  first  or  a  second  load  register  signal,  respectively,  for 
50  receiving  said  lower-limit  and  said  upper-limit  data  words,  respectively,  conducted  thereto  via  said  bus 

and  for  temporarily  storing  said  data  words  in  response  to  said  load  register  signals;  and 
said  means  for  generating  comprise: 

(i)  a  first  and  second  plurality  of  low-order  logic  cell  means  (100)  connected  to  said  input  data  bus 
and  connected  to  said  first  and  second  register  means,  respectively,  responsive  to  said  data-word- 

55  to-be-compared  conducted  thereto  via  said  bus,  each  said  first  low-order  logic  cell  means,  respec- 
tively,  each  said  second  low-order  logic  cells  means,  receiving  true  signals  representing  predeter- 
mined  low-order  bit  positions  of  said  plural-bit  data-word-to-be-compared  and  signals  representing 
predetermined  low-order  bit  positions  of  said  plural-bit  data  word  stored  in  said  first  and  second 
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register  means,  respectively,  for  generating  low-order  generate  (GENi)  and  low-order  propagate 
(PROPi)  signals  therefrom; 
(ii)  a  first  and  second  high-order  logic  cell  means  connected  to  said  input  data  bus  and  connected  to 
said  first  and  second  register  means,  respectively,  responsive  to  said  data-word-to-be-compared 

5  conducted  thereto  via  said  bus,  said  first  high-order  logic  cell  means  and  said  second  high-order 
logic  cell  means  respectively  receiving  a  true  and  a  complemented  signal  representing  the  high- 
order  bit  position  of  said  plural-bit  data-word-to-be-compared  and  a  signal  representing  the  high- 
order  bit  position  of  said  plural-bit  data  word  stored  in  said  first  and  second  register  means, 
respectively,  and  receiving  said  signed-number  signal  for  generating  a  high-order  unsigned/signed 

io  generate  (GENn)  signal  and  a  high-order  unsigned/signed  propagate  (PROPn)  signal  therefrom; 
(iii)  a  first  and  a  second  lookahead  carry  logic  means  (106)  receiving  said  low-order  generate  and 
propagate  signals  and  said  high-order  unsigned/signed  generate  and  propagate  signals,  for  generat- 
ing  therefrom  at  said  first,  respectively,  said  second,  output  of  said  generating  means,  said  signal 
indicative  of  said  first,  respectively,  said  second,  selectable  relationship;  and 

is  (iv)  gate  means  (50)  connected  to  said  first  and  said  second  lookahead  carry  logic  means  to  receive 
said  signals  indicative  of  said  first  and  said  second  selectable  relationships,  for  generating  therefrom 
at  said  third  output  of  said  generating  means  said  signal  indicative  of  said  third  selectable 
relationship; 
whereby  said  lower-limit  and  upper-limit  plural-bit  data  words  can  be  conducted  via  said  input  data 

20  bus  to  said  first  register  means  and  said  second  register  means,  respectively,  and  stored  therein  upon 
application  of  a  HIGH  first  and  second  load  register  signal,  respectively;  and 

whereby  said  signals  formed  on  said  first,  second  and  third  outputs  of  said  generating  means 
corresponding  to  said  selectable  numeric  relationships  are  generated  for  either  unsigned  or  said  signed 
numeric  data  words  depending  on  whether  said  signed-number  signal  is  a  LOW,  or  a  HIGH,  respec- 

25  tively,  in  a  manner  which  imposes  no  added  time  delay  compared  to  the  time  required  by  a  bounds 
checker  capable  of  operating  only  on  either  said  unsigned  or  said  two's  complement  notation  data 
words,  exclusively. 

8.  A  bounds  checker  according  to  claim  7,  wherein  said  first  and  second  lookahead  carry  logic  means  are 
30  further  responsive  to  a  first  and  a  second  carry-in  signal,  respectively,  comprising  a  plurality  of  user- 

selectable  relationship  signals;  and  wherein  said  first  plurality  of  low-order  logic  cell  means  perform  the 
following  logical  operations  on  the  signals  representing  the  bit  position  of  said  data-word-to-be- 
compared  (Di)  and  the  complement  of  the  bit  position  of  said  data  word  stored  in  said  first  register 
means,  (Li): 

35 
GENi=Di-Ti 
PROPi=Di+U 

wherein  said  second  plurality  of  low-order  logic  cell  means  perform  the  following  logical  operations 
40  on  the  signals  representing  the  complement  of  the  bit  position  of  said  data-word-to-be-compared  (Di) 

and  the  bit  position  of  said  data  word  stored  in  said  second  register  means  (Ui): 

GENi=UhD~i 
PROPi=Ui+D~i 

45 
wherein  said  first  high-order  logic  cell  means  performs  the  following  logical  operations  on  the 

signals  representing  the  high-order  true  and  complemented  bit  position  of  said  data-word-to-be- 
compared  (Dn,  Dn)  and  the  high-order  true  and  complemented  bit  position  of  said  data  word  stored  in 
said  first  register  means  (Ln,  Ln); 

50  GENn=Dh'Ln  if  signed-number  signal  is  a  HIGH 
GENn=Dri'Lh  if  signed-number  signal  is  a  LOW 
PROPn=Dh+Ln  if  signed-number  signal  is  a  HIGH 
PROPn=Dn+~Lh  if  signed-number  signal  is  a  LOW, 

wherein  said  second  high-order  logic  cell  means  performs  the  following  logical  operations  on  the 
55  signals  representing  the  high-order  true  and  complemented  bit  position  of  said  data-word-to-be- 

compared  (Dn,  Dn)  and  the  high-order  true  and  complemented  bit  position  of  said  data  word  stored  in 
said  second  register  means  (Un,  Dn); 
GENn=TJh'Dn  if  signed-number  signal  is  a  HIGH 

10 
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GENn=Uri'D~h  if  signed-number  signal  is  a  LOW 
PROPn=TJh+  Dn  if  signed-number  signal  is  a  HIGH 
PROPn=Un+D~h  if  signed-number  signal  is  a  LOW 

whereby  said  generating  means  performs  a  subtraction  of  said  data  word  stored  in  said  first 
5  register  means  from  said  data-word-to-be-compared  using  said  first  carry-in  signal  as  the  input  to  the 

least-significant  bit  position  to  said  first  lookahead  carry  logic  means  for  generating  therefrom  a  HIGH 
output  signal  at  said  first  output  of  said  generating  means  indicative  of  said  first  numeric  relationship 
that  said  data  word  stored  in  said  register  means  is  less-than  or  is  less-than-or-equal-to  said  data-word- 
to-be-compared  if  said  first  carry-in  signal  is  a  LOW  or  is  a  HIGH,  respectively,  and  for  generating 

io  therefrom  a  LOW  output  signal  indicative  of  said  first  numeric  relationship  that  said  data  word  stored  in 
said  first  register  means  is  greater-than-or-equal-to  or  is  greater-than  said  data-word-to-be-compared  if 
said  first  carry-in  signal  is  a  LOW  or  is  a  HIGH,  respectively;  and 

whereby  said  generating  means  performs  a  subtraction  of  said  data-word-to-be-compared  from  said 
data  word  stored  in  said  second  register  means  using  said  second  carry-in  signal  as  the  input  to  the 

is  least-significant  bit  position  to  said  second  lookahead  carry  logic  means  for  generating  therefrom  a 
HIGH  output  signal  at  said  second  output  of  said  generating  means  indicative  of  said  second  numeric 
relationship  that  said  data  word  stored  in  said  second  register  means  is  greater-than-or-equal-to  or  is 
greater-than  said  data-word-to-be-compared  if  second  carry-in  signal  is  a  HIGH  or  is  a  LOW,  respec- 
tively,  and  for  generating  therefrom  a  LOW  output  signal  indicative  of  said  second  numeric  relationship 

20  that  said  data  word  stored  in  said  second  register  means  is  less-than  or  is  less-than-or-equal-to  said 
data-word-to-be-compared  if  said  second  carry-in  signal  is  a  HIGH  or  is  a  LOW,  respectively,  and 

whereby  a  HIGH  output  signal  is  generated  at  said  third  output  of  said  generating  means  indicative 
of  said  third  numeric  relationship  that  said  data-word-to-be-compared  is  less-than-or-equal-to  or  is  less- 
than  said  data  word  stored  in  said  first  register  means  if  said  first  carry-in  signal  is  a  LOW  or  is  a  HIGH, 

25  respectively,  or  that  said  data-word-to-be-compared  is  greater-than  or  greater-than-or-equal-to  said  data 
word  stored  in  said  second  register  means  if  said  second  carry-in  signal  is  a  HIGH  or  is  a  LOW, 
respectively,  and  generating  at  said  third  output  a  LOW  output  signal  indicative  of  said  third  numeric 
relationship  that  said  data-word-to-be-compared  is  greater-than  or  is  greater-than-or-equal-to  said  data 
word  stored  in  said  first  register  means  if  said  first  carry-in  signal  is  a  LOW  or  is  a  HIGH,  respectively, 

30  and  that  said  data  word  stored  in  said  second  register  means  is  greater-than-or-equal-to  or  is  greater- 
than  said  data-word-to-be-compared  if  said  second  carry-in  signal  is  a  HIGH  or  is  a  LOW,  respectively. 

Patentanspruche 

35  1.  Digital-Grenzprufeinrichtung  als  Einzelchip-IC-Schaltung,  die  auf  ein  zu  vergleichendes  numerisches 
Mehrbit-Datenwort  reagiert,  mit: 
einer  Einrichtung  (22,24)  zum  Empfangen  und  Speichern  eines  numerischen  Untergrenzen-Mehrbit- 
Datenwortes  und  eines  numerischen  Obergrenzen-Mehrbit-Datenwortes; 
einer  Einrichtung  (22,26),  urn  an  einem  ersten  Ausgang  ein  Signal  zu  erzeugen,  das  anzeigt,  ob  das  zu 

40  vergleichende  Datenwort  in  einer  ersten  wahlbaren  numerischen  Beziehung  zu  dem  Untergrenzen- 
Datenwort  steht,  und  urn  an  einem  zweiten  Ausgang  ein  Signal  zu  erzeugen,  das  anzeigt,  ob  das  zu 
vergleichende  Datenwort  in  einer  zweiten  wahlbaren  numerischen  Beziehung  zu  dem  Obergrenzen- 
Datenwort  steht,  und  urn  an  einem  dritten  Ausgang  ein  Signal  zu  erzeugen,  das  anzeigt,  ob  das  zu 
vergleichende  Datenwort  in  einer  dritten  wahlbaren  numerischen  Beziehung  zu  den  Untergrenzen-  und 

45  den  Obergrenzen-Datenwortern  steht; 
wobei  die  erste  wahlbare  numerische  Beziehung  wahlbar  ist  aus  der  grol3er-als  und  grol3er-als-  oder- 
gleich-Beziehung,  die  zweite  wahlbare  numerische  Beziehung  wahlbar  ist  aus  der  kleiner-als-und 
kleiner-als-oder-gleich-Beziehung,  und  die  dritte  wahlbare  numerische  Beziehung  wahlbar  ist  aus  den 
Beziehungen:  auBerhalb  des  Offen-lntervalls,  auBerhalb  des  Links-Offen-Rechts-Geschlossen-lnter- 

50  valls.auBerhalb  des  Links-Geschlossen-Rechts-Offen-lntervalls  und  auBerhalb  des  Geschlossen-lnter- 
valls;  wobei  die  ersten,  zweiten  und  dritten  wahlbaren  numerischen  Beziehungen  durch  Anlegen 
geeigneter  Selektionssignale  an  bestimmte  AnschluBstifte  der  Grenzprufeinrichtung  wahlbar  sind. 

2.  Digital-Grenzprufeinrichtung  nach  Anspruch  1  ,  bei  der 
55  die  zum  Empfangen  und  Speichern  vorgesehene  Einrichtung  erste  und  zweite  Registereinrichtungen 

(22,24)  zum  Empfangen  des  Untergrenzen-Datenwortes  bzw.  des  Obergrenzen-Datenwortes,  und  zum 
Zwischenspeichern  der  Datenworter  aufweist;  und  die  Erzeugungseinrichtung  aufweist: 

11 



EP  0  186  974  B1 

(i)  erste  und  zweite  Komparatoreinrichtungen  (26,28),  die  mit  der  ersten  bzw.  der  zweiten  Register- 
einrichtung  (22,24)  verbunden  sind  und  auf  das  zu  vergleichende  Datenwort  reagieren,  urn  an  einem 
ersten  und  einem  zweiten  Komparatoreinrichtungs-Ausgang  (46,48)  das  die  erste  bzw.  zweite 
wahlbare  Beziehung  anzeigende  Signal  zu  erzeugen,  wobei  der  erste  und  der  zweite  Ausgang  der 

5  Komparatoreinrichtung  den  ersten  bzw.  den  zweiten  Ausgang  der  Erzeugungseinrichtung  bilden;  und 
(ii)  eine  mit  den  Ausgangen  der  ersten  und  der  zweiten  Komparatoreinrichtung  verbundene  Gatter- 
einrichtung  (50),  urn  an  einem  Ausgang  das  die  dritte  wahlbare  Beziehung  anzeigende  Signal  zu 
erzeugen,  wobei  der  Ausgang  der  Gattereinrichtung  den  dritten  Ausgang  der  Erzeugungseinrichtung 
bildet. 

10 
3.  Grenzprufeinrichtung  nach  Anspruch  2,  ferner  mit  einem  Eingangsdatenbus  (50),  der  mit  der  ersten  und 

der  zweiten  Registereinrichtung  (22,24)  und  mit  der  ersten  und  der  zweiten  Komparatoreinrichtung 
(26,28)  verbunden  ist,  wobei  die  erste  und  die  zweite  Registereinrichtung  auf  ein  erstes  bzw.  ein 
zweites  Registerladesignal  reagieren,  wobei  ein  Mehrbit-Datenwort  uber  den  Eingangsdatenbus  zu  der 

is  ersten  und  der  zweiten  Komparatoreinrichtung  geleitet  werden  kann,  und  wobei  ein  Mehrbit-Datenwort 
uber  den  Eingangsdatenbus  zu  der  ersten  Registereinrichtung  und  der  zweiten  Registereinrichtung 
geleitet  werden  und  darin  bei  Anlegen  eines  HIGH-Signals  als  das  erste  bzw.  das  zweite  Registerladesi- 
gnal  gespeichert  werden  kann. 

20  4.  Grenzprufeinrichtung  nach  Anspruch  2,  bei  der  die  wahlbaren  numerischen  Beziehungen  als  Antwort 
auf  erste  und  zweite  Ubertragsignale  gewahlt  werden,  die  mehrere  vom  Benutzer  wahlbare  numerische 
Beziehungssignale  aufweisen,  wobei  die  Ausgangssignale  der  Komparatoren  (26,28)  und  des  Gatters 
(50)  den  ersten,  zweiten  bzw.  dritten  wahlbaren  numerischen  Beziehungen  entsprechen,  jeweils  in 
Abhangigkeit  davon,  ob  das  erste  Ubertragsignal  LOW  oder  HIGH  ist,  das  zweite  Ubertragsignal  LOW 

25  oder  HIGH  ist,  das  erste  und  das  zweite  Ubertragsignal  LOW  ist  oder  das  erste  Ubertragsignal  LOW  ist 
und  das  zweite  Ubertragsignal  HIGH  ist  oder  das  erste  Ubertragsignal  HIGH  ist  und  das  zweite 
Ubertragsignal  LOW  ist,  oder  das  erste  und  das  zweite  Ubertragsignal  HIGH  ist. 

5.  Grenzprufeinrichtung  nach  Anspruch  2,  bei  der  die  ersten,  zweiten  und  dritten  numerischen  Datenwor- 
30  ter  entweder  in  der  vorzeichenlosen  oder  der  vorzeichenbehafteten  Zweierkomplementschreibweise 

vorliegen  konnen;  und  die  Komparatoreinrichtung  (26,28)  derart  auf  ein  Signal  fur  vorzeichenbehaftete 
Zahl  reagiert,  dal3  die  den  wahlbaren  numerischen  Beziehungen  entsprechenden  Ausgangssignale  der 
Komparatoreinrichtung  (26,28)  und  der  Gattereinrichtung  (50)  in  Abhangigkeit  davon,  ob  das  Signal  fur 
vorzeichenbehaftete  Zahl  LOW  bzw.  HIGH  ist,  wahlweise  fur  vorzeichenlose  oder  vorzeichenbehaftete 

35  numerische  Datenworter  erzeugt  werden,  derart,  dal3  im  Vergleich  zu  der  Zeit,  die  eine  Grenzprufein- 
richtung  benotigt,  welche  lediglich  ausschlieBlich  entweder  vorzeichenlose  oder  in  der  Zweierkomplem- 
entschreibweise  vorliegende  Datenworter  bearbeiten  kann,  keine  zusatzliche  Gatterverzogerung  hervor- 
gerufen  wird. 

40  6.  Grenzprufeinrichtung  nach  Anspruch  5,  bei  der  die  erste  und  die  zweite  Komparatoreinrichtung  (26,28) 
aufweist: 
eine  erste  und  eine  zweite  Anzahl  von  Niedrigwert-Logikzelleinrichtungen  (100),  die  Wahr-  und 
Komplementar-Signale,  welche  vorbestimmte  Niedrigwert-Bitpositionen  des  zu  vergleichenden  Mehrbit- 
Datenwortes  reprasentieren,  und  Komplementar-  und  Wahr-Signale  empfangen,  welche  vorbestimmte 

45  Niedrigwert-Bitpositionen  des  in  der  ersten  bzw.  der  zweiten  Registereinrichtung  gespeicherten 
Mehrbit-Datenwortes  reprasentieren,  urn  daraus  Niedrigwert-Erzeugungs(GENi)-  und  Niedrigwert- 
Ausbreitungs(PROPi)-Signale  zu  erzeugen, 
eine  erste  und  eine  zweite  Hochwert-Logikzelleinrichtung,  die  Wahr-  und  Komplementar-Signale, 
welche  die  Hochwert-Bitposition  des  zu  vergleichenden  Mehrbit-Datenwortes  reprasentieren,  und  Wahr- 

50  und  Komplementar-Signale  empfangt,  welche  die  Hochwert-Bitposition  des  in  der  ersten  bzw.  der 
zweiten  Registereinrichtung  gespeicherten  Mehrbit-Datenwortes  reprasentieren,  und  die  das  Signal  fur 
vorzeichenbehaftete  Zahl  empfangen,  urn  ein  vorzeichenloses/vorzeichenbehaftetes  Hochwert- 
Erzeugungs-Signal  (GENn)  und  ein  vorzeichenloses/vorzeichenbehaftetes  Hochwert-Ausbreitungs-Si- 
gnal  (PROPn)  zu  erzeugen,  und 

55  eine  erste  und  eine  zweite  Carry-Look-ahead-Logikeinrichtung  (106),  die  die  Niedrigwert-Erzeugungs- 
und  Ausbreitungssignale  und  die  vorzeichenlosen/vorzeichenbehafteten  Hochwert-Erzeugungs-  und 
Ausbreitungssignale  empfangt,  und  die  die  ersten  und  zweiten  Ubertragsignale  empfangt,  urn  daraus 
die  an  dem  Komparatorein-richtungs-Ausgang  gebildeten  Signale  zu  erzeugen, 
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wobei  die  erste  Anzahl  von  Niedrigwert-Logikzelleinrichtungen  die  Signale,  die  das  Komplement  der 
Bitposition  des  in  der  ersten  Registereinrichtung  gespeicherten  Datenwortes  (Li)  und  der  Bitposition  des 
zu  vergleichenden  Datenwortes  (Di)  reprasentieren,  den  folgenden  logischen  Operationen  unterzieht: 

5  GENi  =  Li  •  Di 
PROPi  =  Li  +  Di 

wobei  die  erste  Hochwert-Logikzelleinrichtung  die  Signale,  die  die  Wahr-  und  Komplementar-Werte  der 
Hochwert-Bitposition  des  zu  vergleichenden  Datenwortes  (Dn.Dn)  und  die  Hochwert-Wahr-  und 

io  Komplementar-Bitposition  des  in  der  ersten  Registereinrichtung  gespeicherten  Datenwortes  (Ln.Ln) 
reprasentieren,  den  folgenden  logischen  Operationen  unterzieht: 
GENn  =  Ln  •  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
GENn  =  Ln  •  Dn, 

is  falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 
PROPn  =  Ln  +  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
PROPn  =  Ln  +  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 

20  wobei  die  zweite  Anzahl  von  niedrigwertigen  Logikzelleinrichtungen  die  Signale,  die  das  Komplement 
der  Bitposition  des  zu  vergleichenden  Datenwortes  (Di)  und  der  Bitposition  des  in  der  zweiten 
Registereinrichtung  gespeicherten  Datenwortes  (Ui)  reprasentieren,  den  folgenden  logischen  Operatio- 
nen  unterzieht: 

25  GENi  =  Ui  •  Di 
PROPi  =  Ui  +  Di 

und  wobei  die  zweite  Hochwert-Logikzelleinrichtung  die  Signale,  welche  die  hochwertige  Wahr-  und 
Komplementar-Bitposition  des  zu  vergleichenden  Datenwortes  (Dn.Dn)  und  die  hochwertige  Wahr-  und 

30  Komplementar-Bitposition  des  in  der  zweiten  Registereinrichtung  gespeicherten  Datenwortes  (Un.Uri) 
reprasentieren,  den  folgenden  logischen  Operationen  unterzieht: 
GENn  -  Dn  •  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
GENn  -  Un  •  Dn, 

35  falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 
PROPn  =  Dn  +  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
PROPn  =  Un  +  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 

40  wobei  die  erste  Komparatoreinrichtung  eine  Subtraktion  des  in  der  ersten  Registereinrichtung  gespei- 
cherten  Datenwortes  von  dem  zu  vergleichenden  Datenwort  durchfuhrt,  und  zwar  unter  Verwendung 
des  ersten  Ubertragsignals  als  Eingabe  in  die  rangniedrigste  Bitposition  in  die  erste  Carry-Look-ahead- 
Logikeinrichtung  verwendet  wird,  wobei  deren  HIGH-Ausgangssignal  hinsichtlich  der  ersten  numeri- 
schen  Beziehung  angibt,  daB  das  in  der  ersten  Registereinrichtung  gespeicherte  Datenwort  in  bezug 

45  auf  das  zu  vergleichende  Datenwort  kleiner  ist  oder  kleiner-oder-gleich  ist,  falls  das  erste  Ubertragsignal 
LOW  bzw.  HIGH  ist,  und  wobei  deren  LOW-Ausgangssignal  hinsichtlich  der  ersten  numerischen 
Beziehung  angibt,  daB  das  in  der  Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu 
vergleichende  Datenwort  groBer-oder-gleich  oder  groBer  ist,  falls  das  erste  Ubertragsignal  LOW  bzw. 
HIGH  ist,  und 

50  wobei  die  zweite  Komparatoreinrichtung  eine  Subtraktion  des  zu  vergleichenden  Datenwortes  von  dem 
in  der  zweiten  Registereinrichtung  gespeicherten  Datenwort  durchfuhrt,  und  zwar  unter  Verwendung 
des  zweiten  Ubertragsignals  als  Eingabe  in  die  rangniedrigste  Bitposition  in  die  zweite  Carry-Look- 
ahead-Logikeinrichtung,  wobei  deren  HIGH-Ausgangssignal  hinsichtlich  der  zweiten  numerischen  Bezie- 
hung  angibt,  daB  das  in  der  zweiten  Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu 

55  vergleichende  Datenwort  groBer-oder-gleich  ist  oder  groBer  ist,  falls  das  zweite  Ubertragsignal  HIGH 
bzw.  LOW  ist,  und  wobei  deren  LOW-Ausgangssignal  hinsichtlich  der  zweiten  numerischen  Beziehung 
angibt,  daB  das  in  der  zweiten  Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu 
vergleichende  Datenwort  kleiner  ist  oder  kleiner-oder-gleich  ist,  falls  das  zweite  Ubertragsignal  HIGH 
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bzw.  LOW  ist. 

7.  Grenzprufeinrichtung  nach  Anspruch  1  ,  ferner  mit  einem  Eingangsdatenbus  (20),  bei  der 
die  Empfangs-  und  die  Speichereinrichtung  erste  und  zweite  Registereinrichtungen  (22,24)  aufweist,  die 

5  mit  dem  Eingangsdatenbus  verbunden  sind  und  auf  ein  erstes  bzw.  ein  zweites  Registerladesignal 
reagieren  und  die  die  diesen  uber  den  Bus  zugefuhrten  Untergrenzen-  bzw.  Obergrenzen-Datenworter 
empfangen,  und  die  die  Datenworter  als  Reaktion  auf  die  Registerladesignale  zwischenspeichern;  und 
die  Erzeugungseinrichtung  aufweist: 

(i)  eine  erste  und  eine  zweite  Anzahl  von  Niedrigwert-Logikzelleinrichtungen  (100),  die  mit  dem 
io  Eingangsdatenbus  verbunden  sind  und  mit  der  ersten  bzw.  der  zweiten  Registereinrichtung  verbun- 

den  sind,  wobei  als  Antwort  auf  das  diesen  uber  den  Bus  zugefuhrte  zu  vergleichende  Datenwort 
jede  der  ersten  Niedrigwert-Logikzelleinrichtungen  bzw.  jede  der  zweiten  Niedrigwert-Logikzellein- 
richtungen  Wahr-Signale,  die  vorbestimmte  Niedrigwert-Bitpositionen  des  zu  vergleichenden 
Mehrbit-Datenwortes  reprasentieren,  und  Signale  empfangt,  die  vorbestimmte  Niedrigwert-Bitpositio- 

15  nen  des  in  der  ersten  bzw.  in  der  zweiten  Registereinrichtung  gespeicherten  Mehrbit-Datenwortes 
reprasentieren,  urn  daraus  Niedrigwert-Erzeugungs(GENi)-  und  Niedrigwert-Ausbreitungs(PROPi)- 
Signale  zu  erzeugen; 
(ii)  eine  erste  und  eine  zweite  Hochwert-Logikzelleinrichtung,  die  mit  dem  Eingangsdatenbus 
verbunden  sind  und  die  mit  der  ersten  bzw.  der  zweiten  Registereinrichtung  verbunden  sind,  wobei 

20  als  Antwort  auf  das  diesen  uber  den  Bus  zugefuhrte  zu  vergleichende  Datenwort  die  erste  Hochwert- 
Logikzelleinrichtung  bzw.  die  zweite  Hochwert-Logikzelleinrichtung  ein  Wahr-  und  ein  Komplementar- 
Signal,  die  die  Hochwert-Bitposition  des  zu  vergleichenden  Mehrbit-Datenwortes  reprasentieren,  und 
ein  Signal  empfangt,  das  die  Hochwert-Bitposition  des  in  der  ersten  bzw.  in  der  zweiten  Registerein- 
richtung  gespeicherten  Mehrbit-Datenwortes  reprasentiert,  und  das  Signal  fur  vorzeichenbehaftete 

25  Zahl  empfangt,  urn  daraus  ein  vorzeichenloses/vorzeichenbehaftetes  Hochwert-Erzeugungs-Signal 
(GENn)  und  ein  vorzeichenloses/vorzeichenbehaftetes  Hochwert-Ausbreitungs  (PROPi)-Signal  zu 
erzeugen; 
(iii)  eine  erste  und  eine  zweite  Carry-Look-ahead-Logikeinrichtung  (106),  die  die  Niedrigwert- 
Erzeugungs-  und  Ausbreitungssignale  und  die  vorzeichenlosen/vorzeichenbehafteten  Hochwert- 

30  Erzeugungs-  und  Ausbreitungssignale  empfangt,  urn  aus  diesen  an  dem  ersten  bzw.  dem  zweiten 
Ausgang  der  Erzeugungseinrichtung  das  die  erste  bzw.  die  zweite  wahlbare  Beziehung  anzeigende 
Signal  zu  erzeugen;  und 
(iv)  eine  zwischen  die  erste  und  die  zweite  Carry-Look-ahead-Logikeinrichtunggeschaltete  Gatterein- 
richtung  (50)  zum  Empfangen  der  die  erste  und  die  zweite  wahlbare  Beziehung  anzeigenden 

35  Signale,  urn  aus  diesen  an  dem  dritten  Ausgang  der  Erzeugungseinrichtung  das  die  dritte  wahlbare 
Beziehung  anzeigende  Signal  zu  erzeugen; 

wobei  die  Untergrenzen-  und  die  Obergrenzen-Mehrbit-Datenworter  der  ersten  Registerein-  wobei  die 
Untergrenzen-  und  die  Obergrenzen-Mehrbit-Datenworter  der  ersten  Registereinrichtung  bzw.  der 
zweiten  Registereinrichtung  uber  den  Eingabedatenbus  zugefuhrt  werden  und  darin  bei  Zufuhrung 

40  eines  HIGH-Pegel  aufweisenden  ersten  bzw.  zweiten  Registerladesignals  gespeichert  werden  konnen; 
und 
wobei  die  den  wahlbaren  numerischen  Beziehungen  entsprechenden  Signale  an  dem  ersten,  dem 
zweiten  und  dem  dritten  Ausgang  der  Erzeugungseinrichtung  fur  entweder  vorzeichenlose  oder  vorzei- 
chenbehaftete  numerische  Datenworter  in  Abhangigkeit  davon  erzeugt  werden,  ob  das  Signal  fur 

45  vorzeichenbehaftete  Zahl  LOW  bzw.  HIGH  ist,  derart,  daB  im  Vergleich  zu  der  Zeit,  die  eine  Grenzpruf- 
einrichtung  benotigt,  welche  lediglich  ausschlieBlich  entweder  vorzeichenlose  oder  in  der  Zweierkom- 
plementschreibweise  vorliegende  Datenworter  bearbeiten  kann,  keine  zusatzliche  Zeitverzogerung 
hervorgerufen  wird. 

50  8.  Grenzprufeinrichtung  nach  Anspruch  7,  bei  dem  die  erste  und  die  zweite  Carry-Look-ahead-Logikein- 
richtung  ferner  auf  ein  erstes  bzw.  ein  zweites  Ubertragsignal  reagieren,  das  mehrere  benutzerwahlbare 
Beziehungssignale  aufweist;  und  wobei  die  erste  Anzahl  von  Niedrigwert-Logikzelleinrichtungen  die 
Signale,  die  die  Bitposition  des  zu  vergleichenden  Datenwortes  (Di)  und  das  Komplement  der  Bitposi- 
tion  des  in  der  ersten  Registereinrichtung  gespeicherten  Datenwortes  (Li)  reprasentieren,  den  folgenden 

55  logischen  Operationen  unterzieht: 

GENi  =  Di  •  Li 
PROPi  =  Di  +  Li 
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wobei  die  zweite  Anzahl  von  Niedrigwert-Logikzelleinrichtungen  die  Signale,  die  das  Komplement  der 
Bitposition  des  zu  vergleichenden  Datenwortes  (Di)  und  der  Bitposition  des  in  der  zweiten  Registerein- 
richtung  gespeicherten  Datenwortes  (Ui)  reprasentieren,  den  folgenden  logischen  Operationen  unter- 

5  zieht: 

GENi  =  Ui  •  Di 
PROPi  =  Ui  +  Di 

io  wobei  die  erste  Hochwert-Logikzelleinrichtung  die  Signale,  die  die  Hochwert-Wahr-  und  Komplementar- 
Bitposition  des  zu  vergleichenden  Datenwortes  (Dn.Dn)  und  die  Hochwert-Wahr-  und  Komplementar- 
Bitposition  des  in  der  ersten  Registereinrichtung  gespeicherten  Datenwortes  (Ln.Ln)  reprasentieren,  den 
folgenden  logischen  Operationen  unterzieht: 
GENn  =  Dn  •  Ln, 

is  falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
GENn  =  Dn  •  Ln, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 
PROPn  =  Dn  +  Ln, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 

20  PROPn  =  Dn  +  Ln, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 
wobei  die  zweite  Hochwert-Logikzelleinrichtung  die  Signale,  welche  die  Hochwert-Wahr-  und 
Komplementar-Bitposition  des  zu  vergleichenden  Datenwortes  (Dn.Dn)  und  die  Hochwert-Wahr-  und 
Komplementar-Bitposition  des  in  der  zweiten  Registereinrichtung  gespeicherten  Datenwortes  (Un.Uri) 

25  reprasentieren,  den  folgenden  logischen  Operationen  unterzieht: 
GENn  -  Dn  •  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
GENn  -  Un  •  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 

30  PROPn  =  Dn  +  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  HIGH  ist, 
PROPn  =  Un  +  Dn, 
falls  das  Signal  fur  vorzeichenbehaftete  Zahl  LOW  ist, 
wobei  die  Erzeugungseinrichtung  eine  Subtraktion  des  in  der  ersten  Registereinrichtung  gespeicherten 

35  Datenwortes  von  dem  zu  vergleichenden  Datenwort  durchfuhrt,  wobei  das  erste  Ubertragsignal  als 
Eingabe  in  die  rangniedrigste  Bitposition  in  die  erste  Carry-Look-ahead-Logikeinrichtung  verwendet 
wird,  urn  daraus  ein  HIGH-Ausgangssignal  an  dem  ersten  Ausgang  der  Erzeugungseinrichtung  zu 
erzeugen,  das  hinsichtlich  der  ersten  numerischen  Beziehung  angibt,  daB  das  in  der  Registereinrich- 
tung  gespeicherte  Datenwort  in  bezug  auf  das  zu  vergleichende  Datenwort  kleiner  ist  oder  kleiner-oder- 

40  gleich  ist,  falls  das  erste  Ubertrag-signal  LOW  bzw.  HIGH  ist,  und  urn  daraus  ein  LOW-Ausgangssignal 
zu  erzeugen,  das  hinsichtlich  der  ersten  numerischen  Beziehung  angibt,  daB  das  in  der  ersten 
Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu  vergleichende  Datenwort  groBer-oder- 
gleich  oder  groBer  ist,  falls  das  erste  Ubertragsignal  LOW  bzw.  HIGH  ist,  und 
wobei  die  Erzeugungseinrichtung  eine  Subtraktion  des  zu  vergleichenden  Datenwortes  von  dem  in  der 

45  zweiten  Registereinrichtung  gespeicherten  Datenwort  durchfuhrt,  wobei  das  zweite  Ubertragsignal  als 
Eingabe  in  die  rangniedrigste  Bitposition  in  die  zweite  Carry-Look-ahead-Logikeinrichtung  verwendet 
wird,  urn  daraus  ein  HIGH-Ausgangssignal  an  dem  zweiten  Ausgang  der  Erzeugungseinrichtung  zu 
erzeugen,  das  hinsichtlich  der  zweiten  numerischen  Beziehung  angibt,  daB  das  in  der  zweiten 
Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu  vergleichende  Datenwort  groBer-oder- 

50  gleich  ist  oder  groBer  ist,  falls  das  zweite  Ubertragsignal  HIGH  bzw.  LOW  ist,  und  urn  daraus  ein  Low- 
Ausgangssignal  zu  erzeugen,  das  hinsichtlich  der  zweiten  numerischen  Beziehung  angibt,  daB  das  in 
der  zweiten  Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu  vergleichende  Datenwort 
kleiner  ist  oder  kleiner-oder-gleich  ist,  falls  das  zweite  Ubertragsignal  HIGH  bzw.  LOW  ist,  und 
wobei  an  dem  dritten  Ausgang  der  Erzeugungseinrichtung  ein  HIGH-Ausgangssignal  erzeugt  wird,  das 

55  hinsichtlich  der  dritten  numerischen  Beziehung  angibt,  daB  das  zu  vergleichende  Datenwort  in  bezug 
auf  das  in  der  ersten  Registereinrichtung  gespeicherte  Datenwort  kleiner-oder-gleich  ist  oder  kleiner  ist, 
falls  das  erste  Ubertragsignal  LOW  bzw.  HIGH  ist,  oder  daB  das  zu  vergleichende  Datenwort  in  bezug 
auf  das  in  der  zweiten  Registereinrichtung  gespeicherte  Datenwort  groBer  oder  groBer-oder-gleich  ist, 
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falls  das  zweite  Ubertragsignal  HIGH  bzw.  LOW  ist,  und  wobei  an  dem  dritten  Ausgang  ein  Low- 
Ausgangssignal  erzeugt  wird,  das  hinsichtlich  der  dritten  numerischen  Beziehung  angibt,  daB  das  zu 
vergleichende  Datenwort  in  bezug  auf  das  in  der  ersten  Registereinrichtung  gespeicherte  Datenwort 
groBer  oder  groBer-oder-gleich  ist,  falls  das  erste  Ubertragsignal  LOW  bzw.  HIGH  ist,  und  daB  das  in 

5  der  zweiten  Registereinrichtung  gespeicherte  Datenwort  in  bezug  auf  das  zu  vergleichende  Datenwort 
groBer-oder-gleich  oder  groBer  ist,  falls  das  zweite  Ubertragsignal  HIGH  bzw.  LOW  ist. 

Revendicatlons 

io  1.  Un  verificateur  de  limites  a  circuit  integre  numerique  sur  une  seule  puce  reagissant  a  un  mot  de 
donnees  numerique  de  plusieurs  bits  a  comparer,  comprenant: 

des  moyens  (22,  24)  pour  recevoir  et  stacker  un  mot  de  donnees  numerique  de  plusieurs  bits,  de 
limite  inferieure,  et  un  mot  de  donnees  numerique  de  plusieurs  bits,  de  limite  superieure; 

des  moyens  (26,  28)  pour  emettre  a  une  premiere  sortie  un  signal  indiquant  si  ledit  mot  de 
is  donnees  a  comparer  est  dans  une  premiere  relation  numerique  selectionnable  avec  ledit  mot  de 

donnees  de  limite  inferieure,  pour  emettre  a  une  deuxieme  sortie  un  signal  indiquant  si  ledit  mot  de 
donnees  a  comparer  est  dans  une  deuxieme  relation  numerique  selectionnable  avec  ledit  mot  de 
donnees  de  limite  superieure,  et  pour  emettre  a  une  troisieme  sortie  un  signal  indiquant  si  ledit  mot  de 
donnees  a  comparer  est  dans  une  troisieme  relation  numerique  selectionnable  avec  lesdits  mots  de 

20  donnees  de  limite  inferieure  et  de  limite  superieure; 
la  premiere  relation  numerique  selectionnable  pouvant  etre  selectionnee  parmi  les  relations 

"superieur  a"  et  "superieur  ou  egal  a",  la  deuxieme  relation  numerique  selectionnable  pouvant  etre 
selectionnee  parmi  les  relations  "inferieur  a"  et  "inferieur  ou  egal  a",  et  la  troisieme  relation  numerique 
selectionnable  pouvant  etre  selectionnee  parmi  les  relations  suivantes:  hors  de  I'intervalle  ouvert;  hors 

25  de  I'intervalle  ouvert  a  gauche,  ferme  a  droite;  hors  de  I'intervalle  ferme  a  gauche,  ouvert  a  droite;  et 
hors  de  I'intervalle  ferme;  les  premiere,  deuxieme  et  troisieme  relations  selectionnables  pouvant  etre 
selectionnees  en  appliquant  les  signaux  de  selection  appropries  a  certaines  broches  terminales  du 
verificateur  de  limites. 

30  2.  Un  verificateur  de  limites  numerique  conforme  a  la  revendication  1,  dans  lequel: 
les  moyens  destines  a  la  reception  et  au  stockage  comportent  un  premier  et  un  second  moyens  de 

registre  (22,  24)  pour  recevoir  respectivement  les  mots  de  donnees  de  limite  inferieure  et  de  limite 
superieure,  et  pour  stacker  temporairement  les  mots  de  donnees;  et  les  moyens  destines  a  remission 
comportent 

35  (i)  des  premier  et  second  moyens  comparateurs  (26,  28)  relies  respectivement  audit  premier  et  audit 
second  moyens  de  registre  (22,  24)  et  reagissant  audit  mot  de  donnees  a  comparer,  pour  emettre  a 
une  premiere  et  a  une  deuxieme  sorties  de  moyens  comparateurs  (46,  48)  ledit  signal  indiquant 
respectivement  ladite  premiere  et  ladite  deuxieme  relation  selectionnable,  ladite  premiere  et  ladite 
deuxieme  sortie  desdits  moyens  comparateurs  formant  respectivement  la  premiere  et  la  deuxieme 

40  sortie  desdits  moyens  d'emission;  et 
(ii)  un  moyen  de  porta  (50)  relie  auxdites  sorties  dudit  premier  et  dudit  second  moyens  compara- 
teurs  pour  emettre  a  une  sortie  le  signal  indiquant  ladite  troisieme  relation  selectionnable,  la  sortie 
dudit  moyen  de  porta  formant  la  troisieme  sortie  desdits  moyens  d'emission. 

45  3.  Un  verificateur  de  limites  conforme  a  la  revendication  2,  comprenant  en  outre  un  bus  de  donnees 
d'entree  (20)  relie  auxdits  premier  et  second  moyens  de  registre  (22,  24)  et  auxdits  premier  et  second 
moyens  comparateurs  (26,  28),  dans  lequel  lesdits  premier  et  second  moyens  de  registre  reagissent 
respectivement  a  un  premier  et  a  un  second  signal  de  chargement  de  registre,  ce  par  quoi  un  mot  de 
donnees  de  plusieurs  bits  peut  etre  transmis,  via  ledit  bus  de  donnees  d'entree,  audit  premier  et  audit 

50  second  moyens  comparateurs,  et  ce  par  quoi  un  mot  de  donnees  de  plusieurs  bits  peut  etre  transmis, 
via  ledit  bus  de  donnees  d'entree,  audit  premier  moyen  de  registre  et  audit  second  moyen  de  registre, 
et  y  etre  stocke  a  I'application  d'un  signal  HAUT,  respectivement  comme  dit  premier  signal  et  dit 
second  signal  de  chargement  de  registre. 

55  4.  Un  verificateur  de  limites  conforme  a  la  revendication  2,  dans  lequel  les  relations  numeriques 
selectionnables  sont  selectionnees  en  reponse  aux  premier  et  second  signaux  de  report  comprenant 
une  pluralite  de  signaux  de  relations  numeriques  selectionnables  par  I'utilisateur,  par  lesquels  les 
sorties  desdits  comparateurs  (26,  28)  et  de  ladite  porta  (50)  correspondent  respectivement  auxdites 
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premiere,  deuxieme  et  troisieme  relations  numeriques  selectionnables,  selon  que  ledit  premier  signal 
de  report  est  un  BAS  ou  un  HAUT,  que  ledit  second  signal  de  report  est  un  BAS  ou  un  HAUT,  que 
lesdits  premier  et  second  signaux  de  report  sont  un  BAS,  ou  que  ledit  premier  signal  de  report  est  un 
BAS  et  ledit  second  signal  de  report  est  un  HAUT,  ou  que  ledit  premier  signal  de  report  est  un  HAUT 

5  et  ledit  second  signal  de  report  est  un  BAS,  ou  que  lesdits  premier  et  second  signaux  de  report  sont  un 
HAUT,  respectivement. 

5.  Un  verificateur  de  limites  conforme  a  la  revendication  2,  dans  lequel  lesdits  premier,  deuxieme  et 
troisieme  mots  de  donnees  peuvent  etre  en  notation  "complement  a  deux"  signee  ou  non  signee;  et 

io  lesdits  moyens  comparateurs  (26,  28)  reagissent  a  un  signal  de  nombre  signe  de  sorte  que  lesdites 
sorties  desdits  moyens  comparateurs  (26,  28)  et  dudit  moyen  de  porte  (50)  correspondant  auxdites 
relations  numeriques  selectionnables  soient  emises  de  maniere  selective  pour  les  mots  de  donnees 
numeriques  non  signes  et  signes  selon  que  ledit  signal  de  nombre  signe  est  un  BAS,  ou  un  HAUT, 
respectivement,  d'une  fagon  qui  n'impose  aucun  retard  de  porte  supplemental  compare  au  temps 

is  necessaire  a  un  verificateur  de  limites  capable  de  fonctionner  seulement  soit  sur  lesdits  mots  de 
donnees  non  signes,  soit  sur  lesdits  mots  de  donnees  en  notation  complement  a  deux,  exclusivement. 

6.  Un  verificateur  de  limites  conforme  a  la  revendication  5,  dans  lequel  ledit  premier  et  ledit  second 
moyens  comparateurs  (26,  28)  comportent: 

20  une  premiere  et  une  seconde  pluralite  de  moyens  de  cellules  logiques  de  poids  faible  (100) 
recevant  les  signaux  vrai  et  complemente  representant  la  position  binaire  de  poids  faible  predetermi- 
nes  dudit  mots  de  donnees  de  plusieurs  bits  a  comparer,  et  les  signaux  complemente  et  vrai 
representant  la  position  binaire  de  poids  faible  predetermined  dudit  mot  de  donnees  de  plusieurs  bits, 
stockes  respectivement  dans  ledit  premier  et  ledit  second  moyens  de  registre,  pour  emettre,  de  la,  des 

25  signaux  d'emission  de  poids  faible  (GENi)  et  de  propagation  de  poids  faible  (PROPi), 
un  premier  et  un  second  moyens  de  cellules  logiques  de  poids  fort  recevant  les  signaux  vrai  et 

complemente  representant  la  position  binaire  de  poids  fort  dudit  mot  de  donnees  de  plusieurs  bits  a 
comparer  et  les  signaux  vrai  et  complemente  representant  la  position  binaire  de  poids  fort  dudit  mot  de 
donnees  de  plusieurs  bits,  stockes  respectivement  dans  ledit  premier  et  ledit  second  moyens  de 

30  registre  ,  et  recevant  ledit  signal  de  nombre  signe  pour  emettre  de  la  un  signal  d'emission  non- 
signe/signe,  de  poids  fort  (GENn)  et  un  signal  de  propagation  non  signe/signe  de  poids  fort  (PROPn),  et 

un  premier  et  un  second  moyens  logiques  de  report  avec  regard  en  avant  (106)  recevant  lesdits 
signaux  d'emission  et  de  propagation  de  poids  faible  et  lesdits  signaux  d'emission  et  de  propagation 
non  signes/signes,  de  poids  fort,  et  recevant  lesdits  premier  et  second  signaux  de  report,  pour  emettre, 

35  de  la,  lesdits  signaux  formes  a  la  sortie  desdits  moyens  comparateurs, 
dans  lequel  ladite  premiere  pluralite  de  moyens  de  cellules  logiques  de  poids  faible  effectue  les 

operations  logiques  suivantes  sur  les  signaux  representant  le  complement  de  la  position  binaire  dudit 
mot  de  donnees  stocke  dans  ledit  premier  moyen  de  registre  (Li)  et  la  position  binaire  dudit  mot  de 
donnees  a  comparer  (Di): 

40 
GENi  =  Ll.Di 
PROPi  =  Li  +  Di 

dans  lequel  ledit  premier  moyen  de  cellule  logique  de  poids  fort  effectue  les  operations  logiques 
45  suivantes  sur  les  signaux  representant  le  vrai  et  le  complement  de  la  position  binaire  de  poids  fort  dudit 

mot  de  donnees  a  comparer  (Dn,  Dn)  et  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit 
mot  de  donnees  stocke  dans  ledit  premier  moyen  de  registre,  (Ln,  Ln); 

GENn  =  Ln.Dn  si  le  signal  de  nombre  signe  est  HAUT 
GENn  =  Ln.Dn  si  le  signal  de  nombre  signe  est  BAS 

50  PROPn  =  Ln  +  Dn  si  le  signal  de  nombre  signe  est  HAUT 
PROPn  =  Ln  +  Dn  si  le  signal  de  nombre  signe  est  BAS 

dans  lequel  ladite  seconde  pluralite  de  moyens  de  cellules  logiques  de  poids  faible  effectue  les 
operations  logiques  suivantes  sur  les  signaux  representant  le  complement  de  la  position  binaire  dudit 
mot  de  donnees  a  comparer  (Di)  et  la  position  binaire  dudit  mot  de  donnees  stocke  dans  ledit  second 

55  moyen  de  registre  (Ui): 

GENi  =  Ui.Di 
PROPi  =  Ui  +  Di 
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et  dans  lequel  ledit  second  moyen  de  cellule  logique  de  poids  fort  effectue  les  operations  logiques 
suivantes  sur  les  signaux  representant  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit  mot 
de  donnees  a  comparer  (Dn,  Dn)  et  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit  mot 

5  de  donnees  stocke  dans  ledit  second  moyen  de  registre  (Un,  Dn); 
GENn  =  Dn.Dn  si  le  signal  de  nombre  signe  est  un  HAUT 
GENn  =  Un.Dn  si  le  signal  de  nombre  signe  est  un  BAS 
PROPn  =  Dn  +  Dn  si  le  signal  de  nombre  signe  est  un  HAUT 
PROPn  =  Un  +  Dn  si  le  signal  de  nombre  signe  est  un  BAS, 

io  ce  par  quoi  ledit  premier  moyen  comparateur  soustrait  ledit  mot  de  donnees  stocke  dans  ledit 
premier  moyen  de  registre  dudit  mot  de  donnees  a  comparer  en  utilisant  ledit  premier  signal  de  report 
come  entree  a  la  position  binaire  de  poids  faible  vers  ledit  premier  moyen  logique  de  report  avec 
regard  en  avant,  un  signal  de  sortie  HAUT  de  celui-ci  indiquant  ladite  premiere  relation  numerique 
selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit  premier  moyen  de  registre  est  inferieur,  ou  est 

is  inferieur  ou  egal,  audit  mot  de  donnees  a  comparer  si  ledit  premier  signal  de  report  est  respectivement 
un  BAS  ou  un  HAUT,  un  signal  de  sortie  BAS  de  celui-ci  indiquant  ladite  premiere  relation  numerique 
selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit  moyen  de  registre  est  superieur  ou  egal,  ou  est 
superieur,  audit  mot  de  donnees  a  comparer  si  ledit  premier  signal  de  report  est  respectivement  un 
BAS  ou  un  HAUT,  et 

20  par  quoi  ledit  second  moyen  comparateur  soustrait  ledit  mot  de  donnees  a  comparer  dudit  mot  de 
donnees  stocke  dans  ledit  second  moyen  de  registre  en  utilisant  ledit  second  signal  de  report  comme 
entree  a  la  position  binaire  de  poids  faible  vers  ledit  second  moyen  logique  de  report  avec  regard  en 
avant,  un  signal  de  sortie  HAUT  de  celui-ci  indiquant  ladite  deuxieme  relation  numerique  selon  laquelle 
ledit  mot  de  donnees  stocke  dans  ledit  second  moyen  de  registre  est  superieur  ou  egal,  ou  est 

25  superieur,  audit  mot  de  donnees  a  comparer,  si  ledit  second  signal  de  report  est  respectivement  un 
HAUT  ou  un  BAS,  un  signal  de  sortie  BAS  de  celui-ci  indiquant  ladite  deuxieme  relation  numerique 
selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit  second  moyen  de  registre  est  inferieur,  ou 
inferieur  ou  egal,  audit  mot  de  donnees  a  comparer,  si  ledit  second  signal  de  report  est  respectivement 
un  HAUT  ou  un  BAS. 

30 
7.  Un  verificateur  de  limites  conforme  a  la  revendication  1,  comprenant  en  outre  un  bus  de  donnees 

d'entree  (20),  dans  lequel: 
lesdits  moyens  de  reception  et  de  stockage  comprennent  des  premier  et  second  moyens  de 

registre  (22,  24)  relies  audit  bus  de  donnees  d'entree,  et  reagissant  respectivement  a  un  premier  ou  a 
35  un  second  signal  de  chargement  de  registre,  pour  recevoir  respectivement  lesdits  mots  de  donnees  de 

limite  inferieure  et  de  limite  superieure,  transmis  via  ledit  bus  et  pour  stacker  temporairement  lesdits 
mots  de  donnees  en  reponse  auxdits  signaux  de  chargement  de  registre;  et 

lesdits  moyens  de  reception  comprennent  : 
(i)  une  premiere  et  une  seconde  pluralites  de  moyens  de  cellules  logiques  de  poids  faible  (100) 

40  reliees  audit  bus  de  donnees  d'entree  et  reliees  respectivement  auxdits  premier  et  second  moyens 
de  registre,  reagissant  audit  mot  de  donnees  a  comparer  transmis  via  ledit  bus,  chaque  dit  premier 
moyen  de  cellule  logique  de  poids  faible,  respectivement,  chaque  dit  second  moyen  de  cellule 
logique  de  poids  faible,  recevant  les  signaux  vrais  representant  les  positions  binaires  de  poids  faible 
predeterminees  dudit  mot  de  donnees  a  comparer  et  les  signaux  representant  les  positions  binaires 

45  de  poids  faible  dudit  mot  de  donnees  de  plusieurs  bits  stocke  respectivement  dans  lesdits  premier 
et  second  moyens  de  registre,  pour  emettre,  de  la,  des  signaux  d'emission  de  poids  faible  (GENi)  et 
de  propagation  de  poids  faible  (PROPi); 
(ii)  un  premier  et  un  second  moyens  de  cellules  logiques  de  poids  fort  relies  audit  bus  de  donnees 
d'entree  et  relies  respectivement  auxdits  premier  et  second  moyens  de  registre,  reagissant  audit 

50  mot  de  donnees  a  comparer  transmis  via  ledit  bus,  ledit  premier  moyen  de  cellule  logique  de  poids 
fort  et  ledit  second  moyen  de  cellule  logique  de  poids  fort  recevant  respectivement  un  signal  vrai  et 
un  signal  complemente  representant  la  position  binaire  de  poids  fort  dudit  mot  de  donnees  de 
plusieurs  bits  a  comparer,  et  un  signal  representant  la  position  binaire  de  poids  fort  dudit  mot  de 
donnees  de  plusieurs  bits  stocke  respectivement  dans  lesdits  premier  et  second  moyens  de 

55  registre,  et  recevant  ledit  signal  de  nombre  signe  pour  emettre  de  la  un  signal  d'emission  non 
signe/signe  de  poids  fort  (GENn)  et  un  signal  de  propagation  non  signe/signe  de  poids  fort  (PROPn); 
(iii)  un  premier  et  un  second  moyens  logiques  de  report  avec  regard  en  avant  (106)  recevant  lesdits 
signaux  d'emission  et  de  propagation  de  poids  faible  et  lesdits  signaux  de  propagation  et  d'emission 
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non  signes/signes  de  poids  fort,  pour  emettre  de  la,  respectivement  a  ladite  premiere,  a  ladite 
deuxieme,  sortie  dudit  moyen  d'emission,  ledit  signal  indiquant  respectivement  ladite  premiere, 
ladite  deuxieme,  relation  selectionnable;  et 
(iv)  un  moyen  de  porte  (50)  relie  audit  premier  et  audit  second  moyens  logiques  de  report  avec 

5  regard  en  avant  pour  recevoir  lesdits  signaux  indiquant  ladite  premiere  et  ladite  deuxieme  relation 
selectionnable,  pour  emettre,  de  la,  a  ladite  troisieme  sortie  dudit  moyen  d'emission  ledit  signal 
indiquant  ladite  troisieme  relation  selectionnable; 

par  quoi  lesdits  mots  de  donnees  de  plusieurs  bits  de  limite  inferieure  et  de  limite  superieure 
peuvent  etre  transmis,  via  ledit  bus  de  donnees  d'entree,  respectivement  audit  premier  moyen  de 

io  registre  et  audit  second  moyen  de  registre,  et  y  etre  stockes  sur  application  respectivement  d'un 
premier  et  d'un  second  signal  de  chargement  de  registre  HAUT;  et 

par  quoi  lesdits  signaux  formes  sur  lesdites  premiere,  deuxieme  et  troisieme  sorties  dudit  moyen 
d'emission  correspondant  auxdites  relations  numeriques  selectionnables  sont  emis  pour  lesdits  mots  de 
donnees  numeriques  soit  non  signes,  soit  signes,  selon  que  ledit  signal  de  nombre  signe  est  un  BAS, 

is  ou  un  HAUT,  respectivement,  d'une  fagon  qui  n'impose  aucun  delai  supplemental  par  rapport  au 
temps  necessaire  a  un  verificateur  de  limites  capable  de  fonctionner  seulement  sur  des  mots  de 
donnees  soit  dits  non  signes,  soit  dits  a  numeration  de  complement  a  deux,  exclusivement. 

8.  Un  verificateur  de  limites  conforme  a  la  revendication  7,  dans  lequel  lesdits  premier  et  second  moyens 
20  logiques  de  report  avec  regard  en  avant  reagissent  en  outre  respectivement  a  un  premier  et  a  un 

second  signal  de  report,  comportant  une  pluralite  de  signaux  de  relations  selectionnables  par  I'utilisa- 
teur;  et  dans  lequel  ladite  premiere  pluralite  de  moyens  de  cellules  logiques  de  poids  faible  effectue  les 
operations  logiques  suivantes  sur  les  signaux  representant  la  position  binaire  dudit  mot  de  donnees  a 
comparer  (Di)  et  le  complement  de  la  position  binaire  dudit  mot  de  donnees  stocke  dans  ledit  premier 

25  moyen  de  registre,  (Li): 

GENi  =  Di.Li 
PROPi  =  Di  +  Li 

30  dans  lequel  ladite  seconde  pluralite  de  moyens  de  cellules  logiques  de  poids  faible  effectue  les 
operations  logiques  suivantes  sur  les  signaux  representant  le  complement  de  la  position  binaire  dudit 
mot  de  donnees  a  comparer  (Di)  et  la  position  binaire  dudit  mot  de  donnees  stocke  dans  ledit  second 
moyen  de  registre  (Ui); 

35  GENi  =  Ui.Di 
PROPi  =  Ui  +  Di 

dans  lequel  ledit  premier  moyen  de  cellule  logique  de  poids  fort  effectue  les  operations  logiques 
suivantes  sur  les  signaux  representant  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit  mot 

40  de  donnees  a  comparer  (Dn,  Dn)  et  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit  mot 
de  donnees  stocke  dans  ledit  premier  moyen  de  registre  (Ln,  Ln); 

GENn  =  Dn.Ln  si  le  signal  de  nombre  signe  est  un  HAUT 
GENn  =  Dn.Ln  si  le  signal  de  nombre  signe  est  un  BAS 
PROPn  =  Dn  +  Ln  si  le  signal  de  nombre  signe  est  un  HAUT 

45  PROPn  =  Dn  +  Ln  si  le  signal  de  nombre  signe  est  un  BAS 
dans  lequel  ledit  second  moyen  de  cellule  logique  de  poids  fort  effectue  les  operations  logiques 

suivantes  sur  les  signaux  representant  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit  mot 
de  donnees  a  comparer  (Dn,  Dn)  et  la  position  binaire  vraie  et  complementee  de  poids  fort  dudit  mot 
de  donnees  stocke  dans  ledit  second  moyen  de  registre  (Un,  Dn); 

50  GENn  =  Dn.Dn  si  le  signal  de  nombre  signe  est  un  HAUT 
GENn  =  Un.Dn  si  le  signal  de  nombre  signe  est  un  BAS 
PROPn  =  Dn  +  Dn  si  le  signal  de  nombre  signe  est  un  HAUT 
PROPn  =  Un  +  Dn  si  le  signal  de  nombre  signe  est  un  BAS 
ce  par  quoi  ledit  moyen  d'emission  soustrait  ledit  mot  de  donnees  stocke  dans  ledit  premier  de 

55  registre  dudit  mot  de  donnees  a  comparer,  en  utilisant  ledit  premier  signal  de  report  comme  entree  a  la 
position  binaire  de  poids  faible  vers  ledit  premier  moyen  logique  de  report  avec  regard  en  avant  pour 
emettre,  de  la,  un  signal  de  sortie  HAUT  a  ladite  premiere  sortie  dudit  moyen  d'emission  indiquant 
ladite  premiere  relation  numerique  selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit  moyen  de 
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registre  est  inferieur,  ou  est  inferieur  ou  egal,  audit  mot  de  donnees  a  comparer  si  ledit  premier  signal 
de  report  est,  respectivement,  un  BAS  ou  un  HAUT,  et  pour  emettre  de  la  un  signal  de  sortie  BAS 
indiquant  ladite  premiere  relation  numerique  selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit 
premier  moyen  de  registre  est  superieur  ou  egal,  ou  est  superieur,  audit  mot  de  donnees  a  comparer  si 

5  ledit  premier  signal  de  report  est,  respectivement,  un  BAS  ou  un  HAUT;  et 
par  quoi  ledit  moyen  d'emission  soustrait  ledit  mot  de  donnees  a  comparer  dudit  mot  de  donnees 

stocke  dans  ledit  second  moyen  de  registre,  en  utilisant  ledit  second  signal  de  report  comme  entree  a 
la  position  binaire  de  poids  faible  vers  ledit  second  moyen  logique  de  report  avec  regard  en  avant  pour 
emettre  de  la  un  signal  de  sortie  HAUT  a  ladite  deuxieme  sortie  dudit  moyen  d'emission,  indiquant 

io  ladite  deuxieme  relation  numerique  selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit  second 
moyen  de  registre  est  superieur  ou  egal,  ou  est  superieur,  audit  mot  de  donnees  a  comparer  si  le 
second  signal  de  report  est,  respectivement,  un  HAUT  ou  un  BAS,  et  pour  emettre  de  la  un  signal  de 
sortie  BAS  indiquant  ladite  deuxieme  relation  numerique  selon  laquelle  ledit  mot  de  donnees  stocke 
dans  ledit  second  moyen  de  registre  est  inferieur,  ou  est  inferieur  ou  egal,  audit  mot  de  donnees  a 

is  comparer,  si  ledit  second  signal  de  report  est,  respectivement,  un  HAUT  ou  un  BAS,  et 
par  quoi  un  signal  de  sortie  HAUT  est  emis  a  ladite  troisieme  sortie  dudit  moyen  d'emission, 

indiquant  ladite  troisieme  relation  numerique  selon  laquelle  ledit  mot  de  donnees  a  comparer  est 
inferieur  ou  egal,  ou  est  inferieur,  audit  mot  de  donnees  stocke  dans  ledit  premier  moyen  de  registre  si 
ledit  premier  signal  de  report  est,  respectivement,  un  BAS  ou  un  HAUT,  ou  selon  laquelle  ledit  mot  de 

20  donnees  a  comparer  est  superieur,  ou  est  superieur  ou  egal,  audit  mot  de  donnees  stocke  dans  ledit 
second  moyen  de  registre  si  ledit  second  signal  de  report  est,  respectivement,  un  HAUT  ou  un  BAS,  et 
emettant  a  ladite  troisieme  sortie  un  signal  de  sortie  BAS  indiquant  ladite  troisieme  relation  numerique 
selon  laquelle  ledit  mot  de  donnees  a  comparer  est  superieur,  ou  est  superieur  ou  egal,  audit  mot  de 
donnees  stocke  dans  ledit  premier  moyen  de  registre  si  ledit  premier  signal  de  report  est,  respective- 

25  ment,  un  BAS  ou  un  HAUT,  et  selon  laquelle  ledit  mot  de  donnees  stocke  dans  ledit  second  moyen  de 
registre  est  superieur  ou  egal,  ou  est  superieur,  audit  mot  de  donnees  a  comparer,  si  ledit  second 
signal  de  report  est,  respectivement,  un  HAUT  ou  un  BAS. 
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